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COMPOSITIONS FOR COSMETIC APPLICATIONS 

This application is a continuation-in-part application of copending application 
5 U.S.S.N. 60/034,805 filed January 2, 1997, and entitled "Responsive Polymer 

Networks and Methods of Their Use", which is a continuation-in-part application of 
copending application PCT/US96/10376 filed June 14, 1996, designating the United 
States, and entitled "Responsive Polymer Networks and Methods of Their Use", which 
is a continuation-in-part application of copending application U.S.S.N. 08/580,986 filed 
10 January 3, 1996, and entitled "Responsive Polymer Networks and Methods of Then- 
Use", each of which is incorporated entirely by reference. 

Field of the Invention 
The present invention relates to a cosmetic composition useful in a variety of 
15 topical and personal care products, including treatments of disorders and imperfections 
of the skin or other areas of the body. More particularly, the present invention is 
directed to a cosmetic composition comprising a poloxamer:poly(acrylic acid) 
polymer network that can be designed to reversibly gel over a wide range of 
conditions to provide a composition having a controllable range of viscosities, making 
20 it useful in a variety of cosmetic and personal care applications. 

Background of the Invention 

Many examples are known of cosmetic compositions intended for treatment of 
the skin or elsewhere on the body, where it is desired to have certain properties of 

25 viscosity. Hydrogels, such as cellulosics, have been included as thickeners in cosmetic 
compositions. A hydrogel is a polymer network which absorbs a large quantity of 
water without the polymer dissolving in water. The hydrophilic areas of the polymer 
chain absorb water and form a gel region. The extent of gelation depends upon the 
volume of the solution which the gel region occupies. 

30 Reversibly gelling solutions are known in which the solution viscosity increases 
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and decreases with an increase and decrease in temperature, respectively. Such 
reversibly gelling systems are useful wherever it is desirable to handle a material in a 
fluid state, but performance is preferably in a gelled or more viscous state. 

A known material with these properties is a thermal setting gel using block 
copolymer polyols, available commercially as Pluronic® polyols (BASF, 
Ludwigshafen, Germany), which is described in U.S. Patent No. 4,188,373. Adjusting 
the concentration of the polymer gives the desired liquid-gel transition. However, 
concentrations of the polyol polymer of at least 18-20 % by weight are needed to 
produce a composition which exhibits such a transition at commercially or 
physiologically useful temperatures. Also, solutions containing 18-20 % by weight of 
responsive polymer are typically very viscous even in the "liquid" phase, so that these 
solutions can not function under conditions where low viscosirv. free-flowing is 
required prior to transition. In addition, these polymer concentrations are so high that 
the material itself may cause unfavorable interactions during use. 

Another known system which is liquid at room temperature, but forms a semi- 
solid when warmed to about body temperature is formed from tetrafunctional block 
polymers of polyoxyethylene and polyoxypropylene condensed with ethylenediamine. 
commercially available as Tetronic® polyols. These compositions are formed from 
approximately 10% to 50% by weight of the polyol in an aqueous medium. See, U.S. 
Patent No. 5.252.318. 

Joshi ex al. in U.S. Patent No. 5.252.318 reports reversible gelling compositions 
which are made up of a physical blend of a pH-sensitive gelling polymer (such as a 
cross-linked poly(acrylic acid) and a temperature-sensitive gelling polymer (such as 
methyl cellulose or block copolymers of polyethylene glycol) and polypropylene 
glycol)). In compositions including methylcellulose, 5- to 8-fold increases in viscosity 
are observed upon a simultaneous change in temperature and pH for very low 
methylcellulose levels (1-4% by weight). See, Figs. 1 and 2 of Joshi et al. In 
compositions including Pluronic® and Tetronic® polyols, commercially available 
forms of polyethylene glycol)/poly(propylene glycol) block copolymers, significant 
increases in viscosity (5- to 8-fold) upon a simultaneous change in temperature and pH 
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are observed only at much higher polymer levels. See, Figs. 3-6 of Joshi et al. 

Hoffman et al. in WO 95/24430 disclose block and graft copolymers 
comprising a pH-sensitive polymer component and a temperature-sensitive polymer 
component. The block and graft copolymers are well-ordered and contain regularly 
5 repeating units of the pH-sensitive and temperature-sensitive polymer components. 
The copolymers are described as having a lower critical solution temperature (LCST), 
at which both solution-to-gel transition and precipitation phase transition occur. Thus, 
the transition to a gel is accompanied by the clouding and opacification of the solution. 
Light transmission is reduced, which may be undesirable in many applications, where 
10 the aesthetic characteristics of the composition are of some concern. 

Thus, the known systems which exhibit reversible gelation art limited in that 
they require large solids content and/or in that the increase in viscosity less than 10- 
fold. In addition, some known systems exhibit an increase in viscosity which is 
accompanied with the undesirable opacification of the composite. 

15 

Summary of the Invention 

It is an object of the present invention to provide a cosmetic composition which 
is includes a component capable of reversible gelation or viscosification. 

It is a further object of the invention to provide a cosmetic composition which 
20 includes an ingredient capable of gelation or viscosification at very low solids content. 

It is another object of the present invention to provide a cosmetic composition 
which possesses improved flow and gelation characteristics as compared to properties 
possessed by conventional reversible gelation compositions. 

It is a further object of the invention to provide a polymer network composition 
25 for use in cosmetic compositions useful as a surfactant or emulsifier in the 
solubilization of additives and, in particular, hydrophobic additives. 

It is a further object of the invention to provide a cosmetic composition which 
possesses the appropriate thickness, emolliency and cosmetic effect with a minimum of 
solids content. 

30 It is a further object of the invention to provide a polymer network for use in 
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cosmetic compositions useful as a suspending agent for otherwise insoluble additives. 

It is yet a further object of the present invention to provide a composition 
capable of solubilizing emulsions at elevated temperatures. 

It is yet a further object of the invention to provide new and useful cosmetic 
5 compositions incorporating the reversibly gelling polymer network composition of the 
present invention, which take advantage of its unique advantageous properties. 

It is yet another object of the present invention to provide reversibly gelling 
polymer network compositions which are composed of biocompatible polymers. 

These and other objects of the invention are achieved with a cosmetic 
10 composition which incorporates a poloxamer:poly(acrylic acid) polymer network as a 
cosmetically acceptable carrier. The polymer network comprises a poloxamer 
component randomly bonded to a poly(acrylic acid), or PAA. component in an 
aqueous-based medium, the polymer network being capable of aggregating in 
response to an increase in temperature. The reverse thermal viscosifylng 
15 poloxamer:poly(acrylic acid) polymer network includes random covalent bonding 
between the poly(acrylic acid) component and the poloxamer component of the 
network. The polymer network may also include some unbound or "free" poloxamer 
or other additives which contribute to or modify the characteristic properties of the 
polymer composition. 

20 In addition, the cosmetic composition includes a cosmetic agent selected to 

provide a preselected cosmetic effect. By "cosmetic agent", as that term is used 
herein, it is meant that the additive imparts a cosmetic effect. A cosmetic effect is 
distinguishable from a pharmaceutical effect in that a cosmetic effect relates to the 
promoting bodily attractiveness or masking the physical manifestations of a disorder or 

25 disease. In contrast, a pharmaceutic seeks to treat the source or symptom of a disease 
or physical disorder. It is noted however, that the same additives may have either a 
cosmetic or pharmaceutical effect, depending upon the amounts used and the manner 
of administration. 

By "cosmetic" as that term is used herein, it is meant the cosmetic and 
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personal-care applications intended to promote bodily attractiveness or to cover or mask 
the physical manifestations of a disorder or disease. Cosmetics include those products 
subject to regulation under the FDA cosmetic guidelines, as well as sunscreen products, 
acne products, skin protectant products, anti-dandruff products, and deodorant and 
5 antiperspirant products. 

By "gelation" or viscosification, as that term is used herein, it is meant a drastic 
increase in the viscosity of the polymer network solution. Gelation is dependent on 
the initial viscosity of the solution, but typically a viscosity increase in the range of 
preferably 2- to 100-fold, and preferably 5- to 50-fold, and more preferably 10- to 20- 

10 fold is observed in the polymer network which is used in the preparation of the 
cosmetic compositions of the invention. Such effects are observed in a simple 
polymer network solution and the effect may be modified by the presence of other 
components in the cosmetic composition. 

By "reversibly gelling" as that term is used herein, it is meant that the process 

15 of gelation takes place upon an increase in temperature rather than a decrease in 
temperature. This is counter-intuitive, since it is generally known that solution 
viscosity decreases with an increase in temperature. 

As used herein, "poloxamer" is a triblock copolymer derived from 
poly( ethylene glycol)-poly(propylene glycol)-poly(ethylene glycol) blocks. The 

20 poloxamer is capable of responding to a change in temperature by altering its degree 
of association and/or agglomeration. The aggregation may be in the form of micelle 
formation, precipitation, labile crosslinking or other factors. The poloxamer has the 
general formula of a triad ABA block copolymer, (P^P^PD, where P ,= 
polyethylene glycol) and P 2 = polypropylene glycol) blocks, where a is in the range 

25 of 10-50 and where b is in the range of 50-70. 

The poly(acrylic acid) component includes poly(acrylic acid) and its salts. The 
poly(acrylic acid) supports and interacts with the poloxamer component so that a 
multi-material, responsive polymer network is formed. The interaction of the 
poloxamer and poly(acrylic acid) exhibits a synergistic effect, which magnifies the 

30 effect of the poloxamer component in viscosifying and/or gelling the solution. 
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The novel interaction between the constituent polymers components of the 
polymer network permits formation of gels at very low solids content. Gelation and/or 
viscosification is observed in aqueous solutions having about 0.01 to 20 wt% of the 
poloxamer component and about 0.01 to 20 wt% of the poly(acrylic acid) component 
A typical reversibly gelling polymer network may be comprised of less than about 4 
wt% of total polymer solids (e.g., poloxamer and poly(acrylic acid))and even less than 
lwt% total polymer solids while still exhibiting reverse thermal viscosification. Of 
course, the total solids content including additives of a reversibly gelling polymer 
network composition may be much higher. The viscosity of the gel increases at least 
ten-fold with an increase in temperature of about 5°C at pH 7 and 1 wt% polymer. 
Viscosity increases may be even greater over a larger temperature range at pH 7 and 
1% polymer network content. 

The relative proportion of poloxamer and poly(acryIic acid) may vary 
dependent upon the desired properties of the polymer composition. In one 
embodiment, the poloxamer is present in a range of about 1 to 20 wt% and the 
poly(acryIic acid) is present in a range about of 99 to 80 wt%. In another 
embodiment, the poloxamer component is present in a range of about 21 to 40 wt% 
and the poly(acrylic acid) component is present in a range of about 79 to 60 wt%. In 
another embodiment, the poloxamer component is present in a range of about 41 to 50 
wt% and the poly(acrylic acid) component Is present in a range of about 59 to 50 
wt%. In another embodiment, the poloxamer component is present in a range of about 
51 to 60 wt% and the poly(acrylic acid) component is present in a range of about 49 
to 40 wt%. In yet another embodiment, the poloxamer component is present in a 
range of about 61 to 90 wt% and the poly(acrylic acid) component is present in a 
range of about 39 to 20 wt%. In another embodiment, the poloxamer component is 
present in a range of about 81 to 99 wt% and the poly(acrylic acid) component is 
present in a range of about 19 to 1 wt%. 

The poIoxamer:poly(acrylic acid) polymer network described above is included 
in a cosmetic composition to improve the flow characteristics, thickness and other 
properties of the composition. The composition includes additional cosmetic agents. 



WO 98/48768 



PCT/US98/08931 



7 

such as are needed for the cosmetic purpose of the composition. Additives also may 
be included to modify the polymer network performance, such as to increase or 
decrease the temperature of the liquid-to-gel transition and/or to increase or decrease 
the viscosity of the responsive polymer composition. 
5 In one aspect of the invention, the poloxamer:poIy(acrylic acid) polymer 

network is incorporated into a cosmetic compositions to impart thickening properties to 
the cosmetic composition at the use and/or application temperature. Such thickening 
properties include enhanced overall viscosity, as well as a desirable viscosity response 
with temperature. The polymer network may be useful as a thickener in pH ranges 
10 where other thickeners are not effective. 

In another aspect of the invention, the poloxamer:poly( acrylic acid) polymer 
network is incorporated into a cosmetic composition to stabilize and solubilize 
hydrophobic agents in the cosmetic composition. The polymer network may be 
included to increase emulsion stability. Many emulsions, i.e.. suspension of small 
15 droplets or particles of a first material in a second material, lose viscosity upon 

heating. As will be demonstrated herein, the poloxamer:poly(acrylic acid) polymer 
network retains its emulsifying properties even with temperature increase. 

In addition, it may be included in the composition to impart emolliency to the 
composition. The composition may also act as a film-forming agent after it has been 
20 applied to the skin. This film-forming agent may be used as a barrier to prevent water 
loss from the skin which contributes to the moisturization of the skin. 

In another aspect of the invention, the poloxamer:poly(acrylic acid) polymer 
network may be included as an additive in cosmetic applications to prevent viscosity 
loss at elevated temperatures. 

25 

Brief Description of the Drawing 

The invention is described with reference to the Drawing, which is presented 
for the purpose of illustration and is in no way intended to be limiting, and in which: 
Figure 1 is a graph of viscosity vs. temperature for a 1 wt%, 2 wt% and 3 wt% 
30 responsive polymer network aqueous composition of a poloxamer/poly(acrylic acid) 
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(1:1) at pH 7.0 measured at a shear rate of 0.44 sec' 1 ; 

Figure 2 is a graph of viscosity vs. temperature for a 1 wt% poloxamer: 
poly(acrylic acid) polymer network composition demonstrating reversibility of the 
viscosity response; 

5 Figure 3 shows the viscosity response of a 2 wt% poloxamer:poly(acrylic acid) 

polymer composition at various shear rates; 

Figure 4 shows a viscosity response curve for a 2 wt% poloxamer: poly(acrylic 
acid) polymer network composition prepared with nominal mixing and stirring and 
prepared using high shear homogenization (8000 rpm, 30 min); 
10 Figure 5 is a graph of viscosity vs. temperature for a 1 wt% poloxamer: 

poly(acrylic acid) polymer network composition at various pHs; 

Figure 6 is a graph of viscosity vs. temperature for a 1 wt% poloxamer: 
poly(acryIic acid) polymer network composition with and without addition of 0.25 
wt% KC1; 

15 Figure 7 is a graph of viscosity vs. temperature for a 1 wt% poloxamer: 

poly(acrylic acid) polymer network composition with and without addition of 0.5 wt% 
acetamide MEA; 

Figure 8 is a graph of viscosity vs. temperature for a 1 wt% poloxamer: 
poly(acrylic acid) polymer network composition without and with 5 wt%. 10 wt% and 
20 20 wt% added ethanol, respectively; 

Figure 9 is an illustration of a reversibly gelling polymer network used as an 
emulsifier and stabilizer for a hydrophobic agent; 

Figure 10 is a schematic illustration of the poloxamer:poly(acrylic acid) 
polymer network below and above the transition temperature illustrating the 
25 aggregation of the hydrophobic poloxamer regions; 

Figure 1 1 is a graph of viscosity vs. pH for a 1 wt% responsive polymer 
network aqueous composition of a poloxamer/poly(acrylic acid) (1:1) measured at a 
shear rate of 0.44 sec" 1 ; 

Figure 12 is a plot of viscosity vs. temperature for (a) a 1 wt% responsive 
30 polymer network aqueous composition of Pluronic® F127 poloxamer/poly(acrylic acid) 
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(1:1) and (b) a 1 wt% physical blend of Pluronic® F127 poloxamer/poly(acrylic acid) 
(1:1) at pH 7.0 measured at a shear rate 0.22 sec"'; 

Figure 13 is a plot of viscosity vs. temperature for a 1 wt% responsive polymer 
network aqueous composition of Pluronic® F88 poloxamer/poly(acrylic acid) (1:1) at 
5 pH 7.0 measured at a shear rate 2.64 sec" 1 ; 

Figure 14 is a graph of the viscosity vs. temperature effect for a responsive 
polymer network composition of 2 wt% Pluronic® PI 04 poloxamer/poly(acrylic acid) 
(1:1) in deionized water at pH 7.0 measured at shear rate of 22 sec" 1 ; 

Figure 15 is plot of viscosity vs. temperature for a responsive polymer network 
10 composition of 2 wt% Pluronic® F123 poloxamer/poly(acrylic acid) (1:1) at pH 7.0 
measured at a shear rate of 22 sec' 1 ; 

Figure 16 is a plot of viscosity vs. temperature for 1 wt% made of series of 
poloxamers and poly(acrylic acid) (1:1) in deionized water at a shear rate of 132 sec" 1 ; 

Figure 1 7 is a plot showing release of hemoglobin from a 
15 poloxamer/poly(acryIic acid) polymer network of the invention; 

Figure 1 8 is a plot showing the release of lysozyme from the 
poloxamer/poly(acrylic acid) polymer complex of the invention: 

Figure 19 is a plot showing release of insulin from a poloxamer/poIy(acrylic 
acid) polymer network composition of the invention: 
20 Figure 20 is a plot of viscosity vs. temperature for a poioxamer/poly(acrylic 

acid) polymer network composition (a) before and (b) after sterilization by autoclave; 

Figure 21 is a plot of viscosity vs. temperature for an oil-free moisturizing 
formulation prepared from (a) a responsive polymer network composition of the 
invention and (b) a conventional oil-in-water formulation; 
25 Figure 22 is a plot of equilibrium solubility of estradiol (A, B) and 

progesterone (C, D) in aqueous solutions (pH 7) of Pluronic® F127 (A, C) and 
responsive polymer network (B, D) vs. temperature; 

Figure 23 is a plot of the ratio of equilibrium solubilities of estradiol in 
responsive polymer network and water vs. polymer concentration in the responsive 
30 polymer network solutions; 
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Figure 24 is a plot of the effect of loading fluorescein on the onset of gelation 
of responsive polymer network vs. total polymer concentration in responsive polymer 
network solution (pH 7.0); 

Figure 25 is a plot of the percentage of a) estradiol and b) progesterone release 
from responsive polymer network vs. time; 

Figure 26 is a plot of the rate of progesterone release and macroscopic viscosity 
vs. polymer concentration; 

Figure 27 is a plot of the percentage of progesterone release vs. polymer 
concentration in responsive polymer network and, 

Figure 28 is a plot of the relative diffusivity of poly(styrene) latex particles in 
water and responsive polymer network. 

Detailed Descripti on of the Invention 
The present invention is directed to a cosmetic composition comprising a 
cosmetically acceptable carrier comprising a novel poloxamer:poiy(acrylic acid) 
polymer network. The polymer network functions as a temperature sensitive 
thickening agent, and in addition possesses surfactant and emulsifying capabilities 
which may be beneficial to the cosmetic composition. The polymer network 
composition according to the invention includes a poloxamer component randomly 
bonded to a poly(acrylic acid) component. The two polymer components may interact 
with one another on a molecular level. The polymer network contains about 0.01-20 
wt% each of poloxamer and poly(acrylic acid). Exemplary polymer network- 
compositions range from about 1:10 to about 10:1 poloxamer:poly(acrylic acid). 
Polymer network gel compositions which exhibit a reversible gelation at body 
temperature (25-40°C) and/or at physiological pH (ca. pH 3.0-9.0) and even in basic 
environments up to pH 13 (hair care) are particularly preferred for cosmetic 
applications. 

In one embodiment of the invention, a 1:1 poloxamer:poly(acrylic acid) 
polymer network at appropriate pH exhibits flow properties of a liquid at about room 
temperature, yet rapidly thickens into a gel consistency of at least about five times 
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greater, preferably at least about 10 times greater, and even more preferably at least 
about 30 times and up to 100 times greater, viscosity upon increase in temperature of 
about 10 *C and preferably about 5 'C. The reversibly gelling polymer network of the 
present invention exhibit gelation even at very low polymer concentrations. For 
example, polymer network compositions at pH 7 comprising about 0.5 wt% poloxamer 
component and about 0.5 wt% PAA exhibits a significant increase in viscosity from a 
free-flowing liquid (50 cps) to a gel (6000 cps). The observed gelation takes place at 
low solids contents, such as less than 20 wt% or preferably less than about 10 wt%, or 
more preferably less than about 2.5 wt% or most preferably less than about 0.1 wt%. 
Thus, only a small amount by weight of the polymer network need be incorporated 
into a cosmetic composition in order to provide the desired thickening or viscosifying 
effect. 

The reverse viscosification effect at low polymer concentrations provides clear, 
colorless gels which are particularly well-suited to cosmetic applications. For example, 
very little residue is formed upon dehydration which may be important in some 
applications, such as in topically applied cosmetics. An additional advantage of the 
polymer network of the invention is that it remains clear and translucent above and 
below the critical temperature or pH. These characteristics of the reversibly gelling 
polymer network make it well suited for use in cosmetic compositions. 

The polymer network of the present invention technology may be added to 
cosmetic formulations to increase the thickness and viscosity of the composition. The 
poloxamer:poly(acrylic acid) polymer network possesses hydrophobic regions capable 
of aggregation. Unlike conventional thickeners, the aggregation of the polymer 
network of the present invention is temperature sensitive. Thus, the inventive polymer 
network of the present invention may have a transition temperature (i.e. temperature of 
aggregation) above room temperature so that the cosmetic composition is of low 
viscosity at or below room temperature and is of high viscosity at or around body 
temperature (body temperature includes both surface and internal body temperature). 
Thus, a composition may be prepared at low temperatures while the polymer network 
is in a low viscosity state. Mixing of ingredients under low viscosity is expected to be 
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easier, thus simplifying the manufacturing process. Yet, the resultant mixture would 
be of increased viscosity at use temperatures. As a further advantage, a cosmetic 
composition comprising poloxamer:poly(acrylic acid) polymer network may be spread 
thinly to allow for even application, due to its low viscosity at room temperature, but 
will thicken and "fill" the skin contours upon warming up to body surface temperature. 

In another aspect of the invention, the composition may be applied through a 
nozzle that provides high shear to reduce viscosity, yet the composition regains its 
viscosity after application to the skin. This contrasts with conventional formulations 
which permanently lose viscosity after being subjected to high shear. 

In another aspect of the invention, the composition may be formulated and 
applied as a liquid, spray, semi-solid gel, cream, ointment, lotion, stick, roll-on 
formulation, mousse, pad-applied formulation, and film-forming formulation. 

The poloxamer:poly(acrylic acid) polymer network may also be included in a 
cosmetic composition for use as a stabilizing, solubilizing or emulsifying agent for a 
hydrophobic component of the cosmetic formulation. The strong hydrophilic regions 
of the poloxamer resulting from aggregation and micelle formation create hydrophobic 
domains which may be used to solubilize and control release of hydrophobic agents. 
Similar micelle-based systems have been shown to protect trapped peptides against 
enzymatic degradation from surface enzymes. 

The reversibly gelling polymer network of the present invention is a unique 
polymer composition designed to abruptly change its physical characteristics or the 
characteristics and properties of materials mixed therewith with a change in 
temperature. Without intending to be bound by any particular mechanism or chemical 
structure, it is believed that the structure of the polymer network involves a random 
bonding of the poloxamer onto the backbone of the poly(acrylic acid). A portion of 
the poloxamer which is present during the polymerization reaction which forms the 
poly(acrylic acid) is bonded to the backbone of the forming poly(acrylic acid) through 
hydrogen abstraction and subsequent reaction. See detailed discussion of the 
mechanism, below. The combination of the poly(acrylic acid) and randomly bonded 
poloxamer gives the composition its unique properties. Any free poloxamer remaining 
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after polymerization of PAA remains associated with the random co-polymer, resulting 
in a miscible composition. Free poloxamer may also be present in the polymer 
network composition; however, its presence is not required in order to observe reverse 
thermal viscosification. 

5 The poly(acrylic acid) may be linear, branched and/or crosslinked. Poly(acrylic 

acid) is capable of ionization with a change in pH of the solution. By ionization, as 
that term is used with respect to poly(acryiic acid), it is meant the formation of the 
conjugate base of the acrylic acid, namely acrylate. As used herein, poly(acrylic acid) 
includes both ionized and non-ionized versions of the polymer. Changes in ionic 

10 strength may be accomplished by a change in pH or by a change in salt concentration. 
The viscosifying effect of the polymer network is partly a function of the ionization of 
the poly(acrylic acid); however, reverse thermal gelling may occur without ionization. 
Changes to the ionic state of the polymer causes the polymer to experience attractive 
(collapsing) or repulsive (expanding) forces. Where there is no need or desire for the 

15 composition to be applied in a high viscosity state, it may be possible to prepare the 
composition as non-ionized poly(acrylic acid). The body's natural buffering ability 
will adjust the pH of the applied composition to ionize the poIy( acrylic acid) and 
thereby develop its characteristic viscosity. 

The poloxamer possesses regions of hydrophobic character, e.g.. polypropylene 

20 glycol) blocks, and hydrophilic character, e.g., polyethylene glycol) blocks. The 
poloxamer may be linear or branched. Suitable poloxamers include triad block 
copolymers of poly(ethylene glycol) and polypropylene glycol) having the general 
formula (P|) a (P.) b (P|) 1 , where P, = polyethylene glycol) and P : = polypropylene 
glycol) blocks, where a is in the range of 10-50 and where b is in the range of 50-70. 

25 where polypropylene glycol) represents the hydrophobic portion of the polymer and 
poly( ethylene glycol) represents the hydrophilic portion of the polymer. Pluronic® 
polymers (BASF) are commercially available for a in the range of 16 to 48 and & 
ranging from 54-62. One or more poloxamers may be used in the reversibly gelling 
polymer network composition of the present invention. 

30 The reversibly gelling responsive polymer networks compositions of the present 
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invention are highly stable and do not exhibit any phase separation upon standing or 
upon repeated cycling between a liquid and a gei state. Samples have stood at room 
temperature for more than three months without any noticeable decomposition, 
clouding, phase separation or degradation of gelation properties. This is in direct 
5 contrast to polymer blends and aqueous mixed polymer solutions, where phase stability 
and phase separation is a problem, particularly where the constituent polymers are 
immiscible in one another. 

An example of the dramatic increase in viscosity and of the gelation of the 
reversibly gelling polymer network compositions of the invention is shown in Figure 1. 

10 Figure 1 is a graph of viscosity vs. temperature for 1 wt%. 2 wt% and 3 wt% polymer 
network compositions comprising 1 : 1 poloxamer:poly(acrylic acid), hydrated and 
neutralized. The viscosity measurements were taken on a Broukfield viscometer at a 
shear rate of 0.44 sec' 1 at pH 7.0. All solutions had an initial viscosity of about 1080 
cP and exhibited a dramatic increase in viscosity to gel point at about 35°C. This is 

15 not typical of all polymer network compositions since polymerization condition will 
affect initial viscosity. Final viscosities were approximately 33,000 cP, 100,000 cP 
and 155,000 cP for the I wt%, 2 wt% and 3 wt% compositions, respectively. This 
represents viscosity increases of about 30-, 90- and 140-fold, respectively. This effect 
is entirely reversible. Upon cooling, the composition regains its initial viscosity. This 

20 is demonstrated in Figure 2. where a 1 wt% poloxamer:poly(acrylic acid) composition 
is warmed through the transition temperature up to 35 *C (simple curve), cooled to 
room temperature (24 *C. ticked curve) and then warmed again to up above the 
transition temperature (open box curve). The viscosity response was virtually identical 
in all three instances. 

25 As would be expected with a non-Newtonian system, the solution viscosity 

differs with different shear rates. Figure 3 shows the viscosity response of a 2 wt% 
poloxamer:poly( acrylic acid) polymer composition at various shear rates. The 
viscosity response is consistent between 24 'C and 34 "C; however, the final viscosity 
is reduced with increasing shear rate. 

30 However, unlike many prior art hydrogels, e.g., carbomers, the 
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poloxamer:poly(acrylic acid) polymer network composition does not permanently loose 
viscosity after being subjected to high shear conditions. The poloxamer:poly(acrylic 
acid) polymer network composition remains unaffected by such shear conditions as 
homogenization. Figure 4 compares the viscosity response curve of a 2 wt% 
5 poloxamer:poly(acryIic acid) polymer composition prepared with nominal mixing 
(simple lime) and stirring with that of a polymer composition of similar composition 
prepared using high shear homogenization designated by a ticked line (8000 rpm, 30 
min). No significant decrease in viscosity is observed. 

A number of factors influence the viscosity and transition temperature of the 

10 composition. The more important factors include polymer concentration. pH and 
presence and nature of additives. 

The effect of pH on the viscosity of reversibly gelling polymer networks is 
shown in Figure 5. Increasing pH from the starting pH has a lesser effect on the 
viscosity than decreasing the pH. This may relate to the extent of ionization of the 

15 poly(acrylic acid) component of the polymer network as discussed above. This may 
be clearly seen in Figure 5 when comparing the viscosity response of a 1 wt% 
poloxamer:poly(acrylic acid) polymer composition at pH 5 and pH 11. Satisfactory 
viscosities can be obtained at high pHs indicating the potential value of the reversibly 
gelling polymer network in products such as depilatories, hair straighteners and hair 

20 relaxers. 

The responsive polymer network may also include additives for influencing the 
performance of the polymer composition, such as the transition temperature and the 
viscosity of the polymer composition above the transition temperature. The following 
list is not intended to be exhaustive but rather illustrative of the broad variety of 

25 additives which can be used. 

These materials include solvents (e.g., 2-propanol, ethanol, acetone, 1,2- 
pyrrolidinone, N-methylpyrrolidinone), salts (e.g., calcium chloride, sodium chloride, 
potassium chloride, sodium or potassium phosphates, borate buffers, sodium citrate), 
preservatives (benzalkonium chloride, phenoxyethanol, sodium 

30 hydroxymethylglycinate, ethyiparaben. benzoyl alcohol, methylparaben. propylparaben, 
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butylparaben, Germaben II), humectant/moisturizers (acetamide MEA, lactimide MEA, 
hydrolyzed collagen, mannitol, panthenol, glycerin), lubricants (hyaluronic acid, 
mineral oil, PEG-60-lanolin, PPG-12-PEG-50-lanolin, PPG-2 myristyl ether 
propionate) and surfactants. 
5 Surfactants may be divided into three classes: cationic, anionic, and nonionics. 

An example of a cationic surfactant used is ricinoleamidopropyl ethyldimonium 
ethosulfate (Lipoquat R). Anionic surfactants include sodium dodecyl sulfate and ether 
sulfates such as Rhodapex CO-436. Nonionic surfactants include Surfynol CT-111, 
TG, polyoxyethylene sorbitan fatty acid esters such as Tween 65 and 80, sorbitan fatty 

10 acid esters such as Span 65, alkylphenol ethoxylates such as Igepal CO-210 and 430, 
dimethicone copolyols such as Dow Corning 190. 193, and Silwet L7001. 

The addition of polymers has been studied including xanthan gum. cellulosics 
such as hydroxyethylcellulose (HEC). carbomethoxycellulose (CMC), lauryldimonium 
hydroxypropyl oxyethyl cellulose (Crodacel QL), hydroxypropylcellulose (HPC), and 

15 hydroxypropylmethylcellulose (HPV1C), poly(acryIic acid), cyclodextrins. methyl 
acrylamido propyl triammonium chloride (MAPTAC), polyethylene oxide, 
polyvinylpyroliddone, polyvinyl alcohol, and propylene oxide/ethylene oxide random 
copolymers. Poloxarners may also be used as additives. Examples include both the 
Pluronic® polyols having an (P,) a (P : ) b (P,) a structure such as Pluronic® F38. L44, P65, 

20 F68. F88. L92. P103, P104. P105, F108. L122 and F127. as well as the reverse 

Pluronic® R series (P;.) a (P t ) b (P:>) a structure such as Pluronic® 17R2 and 25R8. Other 
miscellaneous materials include propylene glycol, urea, triethanolamine, alkylphenol 
ethoxylates (Iconol series), and linear alcohol alkoxylates (Plurafac series). 

Additives affect the viscosity of the compositions differently depending upon 

25 the nature of the additive and its concentration. Some additives will affect the initial 
or final viscosity, whereas others will affect the temperature range of the viscosity 
response, or both. 

Potassium chloride and acetamide MEA are two examples of additives which 
decrease the final viscosity of the composition (see, Example 30). KC1 (0.25%) added 
30 to a 1 wt% reversibly gelling polymer composition reduces the viscosity by about 3000 
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cps. See, Figure 6. The humectant, acetamide MEA, lowers the viscosity of a 1 wt% 
solution by approximately 1,500 cps (see, Figure 7). 

Glycerin, ethanol and dimethicone copolymer have been shown to affect the 
temperature range over which the viscosity response occurs. Glycerin shifts the 
5 transition temperature to a slightly lower range from an initial 24-34 °C to about 24- 
30 *C, but does not affect the final viscosity (see, Example 44). The effect of ethanol 
on the viscosity is different at different concentration levels. At 5 wt% and 10 wt% 
added ethanol, the transition temperature is shifted to lower ranges, e.g., 24-29 °C and 
20-29 "C, respectively. At 20 wt% added ethanol, the composition not only exhibits a 

10 lowering of the transition temperature, but also a marked increase in initial and final 
viscosity. See. Figure 8. Dimethicone copolymer (1 wt%) also changed the transition 
temperature, but in this instance the transition temperature range was raised to 28- 
41 °C. Thus, proper selection of additives permits the formulator to adjust the 
transition temperature to various ranges. 

15 Those skilled in the art will appreciate that the polymer network compositions 

of the present invention may be utilized for a wide variety of cosmetic and personal 
care applications. To prepare a cosmetic composition, an effective amount of 
cosmetically active agent(s) which imparts the desirable cosmetic effect is incorporated 
into the reversibly gelling polymer network composition of the present invention. 

20 Preferably the selected agent is water soluble, which will readily lend itself to a 
homogeneous dispersion through out the reversibly gelling polymer network 
composition; however, the polymer network has been demonstrated to significantly 
solubilize or suspend hydrophilic agents in order to improve formulation homogeneity 
(see. Example 36). It is also preferred that the agent(s) is nonreactive with the 

25 polymer network composition. For materials which are not water soluble, it is also 
within the scope of the invention to disperse or suspend powders or oil (lipophilic 
materials) throughout the polymer network composition. It will also be appreciated 
that some applications may require a sterile environment. It is contemplated as within 
the scope of the invention that the reversibly gelling polymer network compositions of 

30 the present invention may be prepared under sterile conditions. An additional feature 
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of the reversibly gelling polymer composition is that is prepared from constituent 
polymers that have known accepted toxicological profiles. 

The poloxamer:poly(acrylic acid) polymer network has been evaluated under 
Good Laboratory Practice (GLP) standard protocols known in the art for toxicity in 
animal models and found to exhibit no toxic effects. The results of the toxicity study 
are summarized in the following Table 1. The non-toxicity of the polymer network 
makes it an ideal candidate for use in cosmetic compositions. 
Table 1. Toxicity data for 6% poloxamer: polymery lie acid) solution at pH 7. 



Reaction testes 


mode of testing 


results 


Skin sensitization 


guinea pig - topical 


not a sensitizer 


eye irritation 


rabbit eye instillation 


negative 


primary dermal irritation 


rabbit - topical 


very slight edema (1 on a 
scale of 1-8) 


acute dermal toxicity 


rat - single dose (2g/kg) 


no toxicity 


acute oral toxicity 


rat - single dose (5g'kg) 


no toxicity 


AMES test 




negative 



Exemplary cosmetic and personal care applications, for which the reversibly 
gelling polymer network composition may be used include, but are not limited to.baby 
products, such as baby shampoos, lotions, powders and creams: bath preparations, such 
as bath oils, tablet and salts, bubble baths, bath fragrances and bath capsulesreye 
makeup preparations, such as eyebrow pencil, eyeliner, eye shadow, eye lotion, eye 
makeup remover and mascara; fragrance preparations, such as colognes and toilet 
waters, powders and sachets; noncoloring hair preparations, such as hair conditioner, 
hair spray, hair straighteners, permanent waves, rinses shampoos, tonics, dressings and 
other grooming aids; color cosmetics; hair coloring preparations such as hair dye, hair 
tints, hair shampoos, hair color sprays, hair lighteners and hair bleaches; makeup 
preparations such as face powders, foundations, leg and body paints, lipstick, makeup 
bases, rouges and makeup fixatives; manicuring preparations such as basecoats and 
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undercoats, cuticle softeners, nail creams and lotions, nail extenders, nail polish and 
enamel, and nail polish and enamel remover; oral hygiene products such as dentrifices 
and mouthwashes; personal cleanliness, such as bath soaps and detergents, deodorants, 
douches and feminine hygiene product; shaving preparations such as aftershave lotion, 
5 beard softeners, men's talcum, shaving cream, shaving soap and preshave lotions; skin 
care preparations such as cleansing preparations, skin antiseptics, depilatories, face and 
neck cleansers, body and hand cleansers, foot powders and sprays, moisturizers, night 
preparations, paste masks, and skin fresheners; and suntan preparations such as suntan 
creams, gels and lotions, indoor tanning preparations. 

10 Preparation of the above-named cosmetic compositions and others may be 

accomplished with reference to any of the cosmetic formulation guidebooks and 
industy journals which are available in the cosmetic industry. These references supply 
standard formulations which may be modified by the addition or substitution of the 
reversible viscosifying polymer network of the present invention into the formulation. 

15 Suitable guidebooks include Cosmetics and Toiletries Magazine. Vol. 1 1 1 (March. 
1996); Formularv: Ideas for Personal Care : Croda. Inc. Parsippany. NJ (1993); and 
Cosmeticon: Cosmetic Formulary. BASF, which are hereby incorporated in their 
entirety by reference. 

The cosmetic composition may be in any form. Suitable forms include but are 

20 not limited to lotions, creams, sticks, roll-ons formulations, mousses, aerosol sprays, 
pad-applied formulations, and film-forming formulations. 

As those skilled in the art will appreciate, the foregoing list is exemplary only. 
Because the reversibly gelling polymer network composition of the present invention is 
suited for application under a variety of physiological conditions, a wide variety of 

25 cosmetically active agents may be incorporated into and administered from the 
polymer network composition. In addition to the poloxamer:poly(acrylic acid) 
polymer network, additional cosmetically acceptable carriers may be included in the 
composition, such as by way of example only, emollients, surfactants, humectants, 
powders and other solvents. By way of example only, the cosmetic composition also 

30 may include additional components, which serve to provide additional aspects of the 
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cosmetic affect or to improve the stability and/or administration of the cosmetic. Such 
additional components include, but are not limited to, preservatives, abrasives, 
acidulents, antiacne agents, anti-aging agents, antibacterials, anticaking, anticaries 
agents, anticellulites, antidandruff, antifungal, anti-inflammatories, anti-irritants, 
5 antimicrobials, antioxidants, astringents, anitperspirants, antiseptics, antistatic agents, 
astringents, binders, buffers, additional carriers, chelators, cell stimulants, cleansing 
agents, conditioners, deodorants, dipilatories, detergents, dispersants, emollients, 
emulsifiers, enzymes, essential oils, exfoliants, fibers, film forming agents, fixatives, 
foaming agents, foam stabilizers, foam boosters, fungicides, gellants, glosser. hair 

10 conditioner, hair set resins, hair sheen agents, hair waving agents, humectants. 

lubricants, moisture barrier agents, moisturizers, ointment bases, opacifier. plasticizer. 
polish, polymers, powders, propellant. protein, refatting agents, sequestrant. silicones, 
skin calming agents, skin cleansers, skin conditioners, skin healing, skin lightening 
agents, skin protectants, skin smoothing agents, skin softening agents, skin soothing 

15 agents, stabilizers, sunscreen agents, surfactants, suspending agents, tanning 

accelerators, thickeners, vitamins, waxes, wetting agents, liquefiers. colors, flavors 
and/or fragrances . Suitable materials which serve the additive functions listed here 
are well known in the cosmetic industry. A listing of the additive function and 
materials suitable for incorporation into the cosmetic composition may be found in 

20 Appendix A, which is appended hereto at the end of the specification. Further 
information may be obtained by reference to The Cosmetic Bench Handbook. 
Cosmetics & Toiletries; C.C. Urbano, editor. Allured Publ. Corp.. 1996, which is 
hereby incorporated in its entirety by reference. 

A brief description of some preferred additives and cosmetically active agents 

25 follows. The compositions of the invention include a safe and effective amount of a 
cosmetically active agent. "Safe and effective", as it is used herein, means an amount 
high enough to significantly positively modify the condition to be treated or the 
cosmetic effect to be obtained, but low enough to avoid serious side effects. 

Preservatives can be desirably incorporated into the cosmetic compositions of 

30 the invention to protect against the growth of potentially harmful microorganisms. 
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Suitable preservatives include, but are not limited to, alkyl esters of para- 
hydroxybenzoic acid, hydantoin derivatives, parabens, propioniate salts, triclosan 
tricarbanilide, tea tree oil, alcohols, farnesol, farnesol acetate, hexachlorophene and 
quaternary ammonium salts, such as benzoiconjure, and a variety of zinc and 
aluminum salts. Cosmetic chemists are familiar with appropriate preservatives and 
may selects that which provides the required product stability. Preservatives are 
preferably employed in amounts ranging from about 0.0001% to 2% by weight of the 
composition. 

Emollients can be desirably incorporated into the cosmetic compositions of the 
invention to provide lubricity to the formulation. Suitable emollients may be in the 
form of volatile and nonvolatile silicone oil. highly branched hydrocarbons and 
synthetic esters. Amounts of emollients may be in the range of about 0.1-30 wt%, and 
preferably about 1-20 wt%. By way of example only, suitable silicones include cyclic 
or linear polydimethylsiloxanes, polyalkylsiloxanes, polyalkylarylsiloxanes and 
polyether siloxanes. By way of example only, suitable ester emollients include alkenyl 
esters of fatty acids, polyhydric alcohols, such as ethylene glycol mono and di-fatty 
acid esters, polyethylene glycol and the like, ether-esters, such as fatty acid esters of 
ethoxylated fatty alcohols, wax esters, such as beeswax, spermaceti, mysristyl myristate 
and stearyl stearate. and sterol esters, such as cholesterol fatty acids. 

A variety of oily emollients may be employed in the compositions of this 
invention. These emollients may be selected from one or more of the following 
classes: 1. Triglyceride esters such as vegetable and animal fats and oils. Examples 
include castor oil. cocoa butter, safflower oil, cottonseed oil, corn oil. olive oil, cod 
liver oil, almond oil, avocado oil, palm oil, sesame oil, squalene. Kikui oil and 
soybean oil; 2. Acetoglyceride esters, such as acetylated monoglycerides; 3. 
Ethoxylated glycerides, such as ethoxylated glyceryl monostearate; 4. Alkyl esters of 
fatty acids having 10 to 20 carbon atoms, such as, methyl, isopropyl, and butyl esters 
of fatty acids, and including hexyl laurate, isohexyl laurate, isohexyl palmitate, 
isopropyl palmitate, decyl oleate, isodecyl oleate, hexadecyl stearate decyl stearate, 
isopropyl isostearate. diisopropyl adipate. diisohexyl adipate. dihexyldecyl adipate, 
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diisopropyl sebacate, lauryl lactate, myristyl lactate, and cetyl lactate; 5. alkenyl esters 
of fatty acids having 10 to 20 carbon atoms, such as oleyl myristate, oleyl stearate, and 
oleyl oleate and the like; 6. fatty acids having 10 to 20 carbon atoms, such as 
pelargonic, lauric, myristic, palmitic, stearic, isostearic, hydroxystearic, oleic, linoleic, 
5 ricinoleic, arachidic, behenic, and erucic acids and the like; 7. fatty alcohols having 
10 to 20 carbon atoms, such as, lauryl, myristyl, cetyl, hexadecyl, stearyl, isostearyl, 
hydroxystearyl, oleyl, ricinoleyl, behenyl, erucyl, and 2-octyl dodecanyl alcohols are 
examples of satisfactory fatty alcohols and the like, 8. fatty alcohol ethers, such as 
ethoxylated fatty alcohols of 10 to 20 carbon atoms including the lauryl, cetyl. stearyl, 

10 isostearyl, oleyl, and cholesterol alcohols, having attached thereto from 1 to 50 

ethylene oxide groups or 1 to 50 propylene oxide groups: 9. ether-esters such as fatty 
acid esters of ethoxylated fatty alcohols; 10. Lanolin and derivatives, such as lanolin, 
lanolin oil. lanolin wax. lanolin alcohols, lanolin fatty acids, isopropyl lanolate. 
ethoxylated lanolin, ethoxylated lanolin alcohols, ethoxylated cholesterol, propoxylated 

15 lanolin alcohols, acetylated lanolin alcohols, lanolin alcohols linoleate, lanolin alcohols 
ricinoleate. acetate of lanolin alcohols ricinoleate, acetate of ethoxylated alcohols- 
esters, hydrogenolysis of lanolin, ethoxylated hydrogenated lanolin, ethoxylated 
sorbitol lanolin, and liquid and semisolid lanolin absorption basesand the like: 11. 
polyhydric alcohol esters, such as. ethylene glycol mono and di-fatty acid esters, 

20 diethylene glycol mono-and di-fatty acid esters, polyethylene glycol (200-6000) mono- 
and di-fatty acid esters, propylene glycol mono- and di-fatty acid esters, polypropylene 
glycol 2000 monooleate, polypropylene glycol 2000 monostearate, ethoxylated 
propylene glycol monostearate, glyceryl mono- and di-fatty acid esters, polyglycerol 
polyfatty esters, ethoxylated glyceryl monostearate, 1,2-butylene glycol monostearate, 

25 1,2-butylene glycol distearate. polyoxyethylene polyol fatty acid ester, sorbitan fatty 
acid esters, and polyoxyethylene sorbitan fatty acid esters are satisfactory polyhydric 
alcohol esters; 12. wax esters such as beeswax, spermaceti, myristyl myristate, stearyl 
stearate: 13. beeswax derivatives, e.g. polyoxyethylene sorbitol beeswax; 14. 
vegetable waxes including carnauba and candelilla waxes; 15. phospholipids such as 

30 lecithin and derivatives: 16. sterol including cholesterol and cholesterol fatty acid 
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esters; 17. amides such as fatty acid amides, ethoxylated fatty acid amides, solid fatty 
acid alkanolamides. 

Humectants may be added to the composition to increase the effectiveness of 
the emollient, to reduce scaling, to stimulate removal of built-up scale and improve 
5 skin feel. By way of example only, suitable humectants include polyhydric alcohols, 
such as glycerol, polyalkylene glycols, alkylene polyols their derivatives, propylene 
glycol, dipropylene glycol, polypropylene glycol, polyethylene glycol, sorbitol, 
hydroxypropyl sorbitol, hexylene glycol, 1,3-butylene glycol, 1,2,6-hexanetriol, 
ethoxylated glycerol, propoxylated glycerol and the like. The amount of humectant 

10 may be in the range of about 0.5-30 wt% and preferably between 1-15 wt%. 

In topical skin care applications, a variety of active substances may be 
advantageously employed. By way of example only suitable active agents which may 
be incorporated into the cosmetic composition include anti-aging active substances, 
anti-wrinkle active substances, hydrating or moisturizing or slimming active 

15 substances, depigmenting active substances, substances active against free radicals, 
anti-irritation active substances, sun protective active substances, anti-acne active 
substances, firming-up active substances, exfoliating active substances, emollient active 
substances, and active substances for the treating of skin disorders such as dermatitis 
and the like. 

20 By way of example only, in the case of hydration, one or more moisturizers 

may be used, such as glycerin or urea, in combination with one or more precursor 
agents for the biosythesis of structural proteins, such as hydroxyproline, collagen 
peptides and the like. 

By the way of example only, in case of slimming, at least one ketolytic agent 

25 or an alpha-hydroxyacid such a salicylic acid or 5-n-octanoicsalicylic acid may be used 
in combination with at least on liporeguiating agent such as caffeine. 

By way of example only, in the case of depigmentation, at least one keratolytic 
agent is used in combination with a depigmenting agent such as hydroquinone, 
tyrosinasee inhibitor (kosic acid), ascorbic acid, kojic acid and sodium metabisuifite an 

30 the like. 
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By way of example only, in the case of protection against free radical agents, 
vitamin E (against COO radicals), superoxide dismutase (against Ov free radicals) 
and sugar and caffeine (against OH- free radicals). 

By way of example only, in the case of anti-aging, moisturizers, sunscreens, 
5 alpha-hydroxyacids, salicylic acid or surface restructuring agents may be used in 
combination with enzymes for the repair of DNA, vascular protective agents or 
phospholipids rich in oligoelements and polyunsaturated fatty acids. 

By way of example only, in the case of anti-acne agents, keratolytics, such as 
salicylic acid, sulfur, lactic acid, glycolic, pyruvic acid, urea, resorcinol and N- 
10 acetylcysteine, and retinoids, such as retinoic acid and its derivatives may be used. 

By way of example only, in the case of anti-inflammation, non-steroidal anti- 
inflammatory agents (NSAIDS) may be used, such as propionic acid derivatives, acetic 
acid, fenamic acid derivatives, biphenylcarboxylic acid derivatives, oxicams, including 
but not limited to aspirin, acetaminophen, ibuprofen, naproxen, benoxaprofen, 
15 flurbiprofen, fenbufen, ketoprofen. indoprofen. pirprofen. carporfen, and bucloxic acid 
and the like. 

By way of example only, in the case of antibiotics and antimicrobials may be 
included in the composition of the invention. Antimicrobial drugs preferred for 
inclusion in compositions of the present invention include salts of (3-lactam drugs. 

20 quinolone drugs, ciprofloxacin, norfloxacin, tetracycline, erythromycin, amikacin, 

triclosan, doxycycline, capreomycin. chlorhexidine, chlortetracycline, oxytetracycline, 
clindamycin, ethambutol, hexamidine isethionate. metronidazole, pentamidine, 
gentamicin, kanamycin, lineomycin. methacycline. methenamine, minocycline, 
neomycin, netilmicin, paromomycin, streptomycin, tobramycin, miconazole and 

25 amanfadine and the like. 

By way of example only, in the case of sunscreen protection, suitable agents 
include 2-ethylhexyl p-methoxycinnamate, 2-ethylhexyl N.N-dimethyl-p- 
aminobenzoate, p-aminobenzoic acid, 2-phenyl p-methoxycinnamate, 2-ethylhexyl 
octocrylene, oxybenzone, homomenthyl salicylate, octyl salicylate, 4,4'-methoxy-t- 

30 butyldibenzoylmethen. 4-isopropyl dibenzoylmethane. 3-benzylidene camphor, 3-(4- 
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methylbenzylidene) camphor, titanium dioxide, zinc oxide, silica, iron oxide, and 
mixtures thereof and the like. The sunscreening agents disclosed therein have, in a 
single molecule, two distinct chromophore moieties which exhibit different ultra-violet 
radiation absorption spectra. One of the chromophore moieties absorbs predominantly 
in the UVB radiation range and the other absorbs strongly in the UVA radiation range. 
These sunscreening agents provide higher efficacy, broader UV absorption, lower skin 
penetration and longer lasting efficacy relative to conventional sunscreens. Generally, 
the sunscreens can comprise from about 0.5% to about 20% of the compositions useful 
herein. Exact amounts will vary depending upon the sunscreen chosen and the desired 
Sun Protection Factor (SPF). SPF is a commonly used measure of photoprotection of a 
sunscreen against erythema. 

By way of example only, in the case of sunless tanning agents include, 
dihydroxyacetone, glyceraldehyde. indoles and their derivatives, and the like. 

The composition may include cleansing surfactants. Cleansing surfactants are 
cationic, anionic, amphoteric or non-ionic surfactants which are water-soluble and 
produce a consumer-acceptable amount of foam. Nonionic surfactants are well-known 
materials and have been used in cleansing compositions. Therefore, suitable nonionic 
surfactants include, but are not limited to, compounds in the classes known as 
alkanolamides, block copolymers of ethylene and propylene, ethoxylated alcohols, 
ethoxylated alkylphenols, alkyl polyglycosides and mixtures thereof. In particular, the 
nonionic surfactant can be an ethoxylated alkylphenol. i.e., a condensation product of 
an alkylphenol having an alkyl group containing from about 6 to about 12 carbon 
atoms in either a straight chain or branched chain configuration with ethylene oxide, 
the ethylene oxide being present in an amount equal to at least about 8 moles ethylene 
oxide per mole of alkylphenol. Examples of compounds of this type include 
nonylphenol condensed with about 9.5 moles of ethylene oxide per mole of phenol; 
dodecylphenol condensed with about 12 moles of ethylene oxide per mole of phenol; 
dinonylphenol condensed with about 15 moles of ethylene oxide per mole of phenol; 
octylphenol condensed with about ten moles of ethylene oxide per mole of phenol; and 
diisooctyl phenol condensed with about 15 moles of ethylene oxide per mole of 
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phenol. 

A wide variety of acids, bases, buffers, and sequestrants can be utilized to 
adjust and/or maintain the pH and ionic strength of the compositions useful in the 
instant invention. Materials useful for adjusting and/or maintaining the pH and/or the 
ionic strength include sodium carbonate, sodium hydroxide, hydrochloric acid, 
phosphoric acid, sulfuric acid, acetic acid, sodium acetate, sodium hydrogen phosphate, 
sodium dihydrogen phosphate, citric acid, sodium citrate, sodium bicarbonate, 
triemanolamine, EDTA, disodium EDTA, tetrasodium EDTA, and the like. 

The polymer network may be useful as a solubilization agent in cosmetic and 
personal care applications. A self-assembling system comprising the reversibly gelling 
polymer network exhibits thermogelation, pH sensitivity, and the ability to solubilize 
hydrophobic agents in aqueous media. When poloxamer is copolymerized with 
poly(acrylic acid) (PAA) according to the invention, the resulting copolymer network 
is bioadhesive and can be applied in a number of therapies. The materials described in 
this invention combine "reverse" thermoviscosification mucoadhesion, solubilization of 
hydrophobic and difficult to manage moieties, easy formulation, and protection of 
agents from degradation to provide a superior medium for cosmetic and personal care 
products. 

The reversible viscosification of the polymer network at elevated temperatures 
makes the materials ideal for use as thickeniiig agents in cosmetic and personal care 
products at any temperature above the transition. Another use of the "thickening" of 
solutions containing the polymer network as a thickener supplement in emulsions. 
Currently emulsifiers are often negatively effected by increased temperatures. An 
additive with reverse thermal viscosification properties, however, would react in 
exactly the opposite way, increasing its ability to emulsify as it gained three- 
dimensional structure upon heating above its transition temperature. 

In the applications where the reversibly gelling polymer composition can act as 
a surfactant, the polymer network will have the ability to act as a primary emulsifier 
without any (or with very little) addition of traditional surfactant. The responsive 
polymer network will also act as a stabilizer for oil-soluble ingredients that would 
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conventionally need to be solubilized by oils in formulation. The hydrophobic portion 
of the polymer network (PPO) forms domains which act as reservoirs for an oil- 
soluble or hydrophobic additive, such as an oil droplet, as is illustrated in Figure 9. 
These two features of the material of the invention would enable it to be used as a 
base in a cosmetic formulation that would be non-greasy due to lack of oils, such as 
petrolatum and mineral oil. The increase in viscosity above the transition temperature 
adds structure and yield value to the water phase and results in a highly stable 
emulsion. 

Thus, poloxamer:poly(acrylic acid) polymer network compositions are valuable 
materials in the formulation of cosmetic and personal care products. In particular, they 
may be useful as rheology modifiers, provide a cushioning effect on :ne skin, offer 
barrier properties and controlled release of actives. In addition, the polymer 
composition may serve as a surfactant and is compatible with most ingredients used in 
the cosmetic industry. 

The above properties of the poIoxamer:poly(acrylic acid) polymer network 
provides a cosmetic composition that spreads evenly and smoothly and which leaves a 
lubricious feel to the skin. A sensory evaluation was conducted with seven random 
volunteers in order to determine the sensory effect of a cream formulation on the skin. 
An oil-free cosmetic formulation was prepared substantially as set forth in Example 
33(b) and was compared to Nivea Oil Free, a product of Beiersdorf of Germany. 
Volunteers placed unmarked samples on the skin and evaluated the formulation based 
upon its feel and texture. The samples were rated on a scale of 1 (bad) to 5 (good). 
The oil-free cosmetic formulation of the present invention scored equally to the Nivea 
Oil Free moisturizing product. Both samples scored a 3.5 on the rating scale. 

The observed thermal behavior of the reversibly gelling polymer network 
suggests that the increase in viscosity is due to aggregation of the hydrophobic portion 
of the poloxamer at the transition temperature which, because of bonding with the 
poly(acrylic acid) component, serve as temporary cross-links which physically bridge 
adjacent chains of poly(acrylic acid) to provide a viscous gel-like extended polymer 
structure. The aggregation process may be understood as occurring as shown in Figure 
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10, in which a backbone 20 represent poly(acrylic acid), a thin band 24 represents the 
hydrophobic poly(propyiene) glycol region of the poloxamer and a thick band 26 
represents the hydrophilic polyethylene glycol) region of the poloxamer. Below the 
transition temperature, the polymer network is randomly arranged, as is shown in 
Figure 10(a). At or above the transition temperature, the hydrophobic regions 24 
associate to form aggregations or micelles 28, as is shown in Figure 10(b). The 
association increases the effective molecular weight of the polymer network 
composition with the corresponding increase in viscosity. 

A general method of making the poioxamenPAA polymer network 
compositions of the present invention comprises solubilization of the poloxamer in 
acrylic acid monomer, followed by polymerization of the monomer to PAA. 
Polymerization may be accomplished by addition of a polymerization initiator or by 
irradiation techniques. The initiator may be a free radical initiator, such as chemical 
free radical initiators and uv or gamma radiation initiators. Conventional free radical 
initiators may be used according to the invention, including, but in no way limited to 
ammonium persulfate, benzoin ethyl ether, benzyl peroxide. 1.2'-azobis(2,4- 
dirnethylpentanitrile) (Vazo 52) and azobisisobutyronitrile (AIBN). Initiation may also 
be accomplished using cationic or ionic initiators. Many variations of this methods 
will be apparent to one skilled in the art and are contemplated as within the scope of 
the invention. For example, the poloxamer component may be dissolved in an acrylic 
acid/water mixture instead of pure monomer. It may be desirable to remove unreacted 
monomer and/or free poloxamer from the resultant polymer network. This may be 
accomplished using conventional techniques, such as. by way of example, dialysis or 
sohxlet extraction. 

Without intending to be bound by a particular mechanism or structure, the 
following scheme represents a possible chemical mechanism for the formation of the 
system here described. These mechanisms are presented by way of explanation and 
are no way limiting of the invention. It is contemplated that these or other 
mechanistic routes may in fact occur in the formation of the polymer network of the 
present invention. 



WO 98/48768 



PCTAJS98/08931 



29 

I. Initiation 

RR -> 2R- (1) 
R« + CH 2 =CHCOOH — > RCH 2 CH.COOH (2) 

II. Hydrogen Abstraction 

R« + -OCHRCH 2 0- — > RH + -OCR«CH,0- 

(3) 

R« + -CH 2 CH 2 COOH — > RH + -CH,CH«COOH 

(4) 

III. Chain Transfer 

-CH 2 CH.COOH + -OCH 2 CRH- — > -CH 2 CH,COOH + -OCHXR- (5) 
-OCHXR.O- + -CHXHCOOH — > -OCH 2 CRHO- + -CHXH-COOH (7) 

IV. Propagation 

RCHXH.COOH + CH : =CHCOOH -> RCH,CHCOOHCHjCH-COOH (8) 

V. Side Chain Branching Off AA Backbone 

-CH,CH.COOH- + CH : =CHCOOH -> -CH,CH(CH : CH«COOH)COOH (9) 

VI. AA Branching off P oloxamer Backbone 

-OCHXR.O- + CH,=CHCOOH -> -OCH : CR(CH,CH.COOH)0- (10) 

VII. Homogenous Termination 

2 -CHXH.COOH --> -CH : CHCOOHCHCOOHCH : - 
(11) 

VIII. Heterogenous Term ination with bonding of Pluronic to PAA 
-CHXH-COOH + -OCH 2 C.RO- -> -CH,CH(-OCRCH,0-)COOH 

(12a) 

The scheme for bonding of poloxamer to acrylic acid may involve initiation (eq 
1), hydrogen abstraction from the propylene or ethylene moiety of the poloxamer (eq 
3), and attachment to acrylic acid via addition across the unsaturated bond (eq 10). 
Propagation (eq 8) leads to the final PAA. 

Alternatively, the mechanism may proceed by initiation according to eqs. (1) 
and (2) r propagation to form PAA (eq.8), a chain transfer reaction to generate a 
reactive poloxamer moiety (eq. 5), followed by addition of the reactive poloxamer 
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moiety to the unsaturated bond of acrylic acid (eq. 10) and subsequent propagation of 
the PAA chain. 

Thus the polymer network may include a plurality of poly(acrylic acid)) units 
bonded to a single poloxamer unit or, alternatively, a plurality of poloxamer units 
5 bound to a single PAA backbone. Combinations of these alternatives are also a 
possibility. 

Reverse phase polymerization may be used to prepare polymer network beads 
by dispersion of the poloxamer and acrylic acid monomer mixture in a nonpolar 
solvent such as hexane or heptane. The aggregating polymer/monomer solution is 

10 dispersed with agitation in the nonpolar solvent in order to suspend droplets of the 
solution. Polymerization of the monomer is initiated by conventional means (i.e.. 
addition of a initiator or irradiation) in order to polymerize the monomer and form 
responsive polymer network beads. See, U.S.S.N. 08/276.532 filed July 18. 1995 and 
entitled "Useful Responsive Polymer Gel Beads" for further information on the 

15 preparation of polymer gel beads, herein incorporated by reference. Such a method 
may be particularly desirable to provide a heat sink for the heat generated in the 
exothermic polymerization reaction. 

The polymer network complexes and aqueous gelling solutions of the present 
invention may be understood with reference to the following examples, which are 

20 provided for the purposes of illustration and which are in no way limiting of the 
invention. 

Example 1 This example describes the synthesis of a polymer network and an 
aqueous responsive polymer network solution prepared using a triblock polymer of 
poly(ethylene glycol) and polypropylene glycol), PluronieS> F27 polyol, and 
25 poly(acrylic acid). This example also characterizes the gelation and the physical 
properties of the resultant polymer network. 

Synthesis. Block copolymer of polypropylene glycol) (PPG) and 
polyethylene glycol) (PEG) having triad ABA structure (PEG) A (PPG) B (PEG) A 
(Pluronic® F127 NF polyol, Poloxamer 407 NF polyol, where "F" means Flakes, "12" 
30 means 12X300=3600 - MW of the PPG section of the block copolymer, "7" PEG in 
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the copolymer is 70 wt%, and nominal molecular weight is 12,600) from BASF (3.0 
g) was dissolved in 3.0 g acrylic acid (Aldrich). This represents a substantially 1:1 
weight ratio of Pluronic® F127 polyol and poly(acrylic acid). The solution was 
deaerated by N, bubbling for 0.5 h and following addition of 100 ml of freshly 
5 prepared saturated solution of ammonium persulfate (Kodak) in deionized water was 
kept at 70 °C for 16 h resulting in a transparent polymer. 

Viscosity measurements. A known amount of the resultant polymer was 
suspended in 100 ml deionized water into which NaOH was added. Following 
swelling for 3 days while stirring, the pH of the resulting fine suspension was adjusted 

10 to 7. Samples of 15 ml each were taken, and pH in each vial was adjusted to desired 
value by addition of 1 M HC1 or NaOH. Samples were then kept o\ ernight and their 
viscosities were measured at different temperatures using Brookfield viscometer using 
either an SC4-18 or an SC4-25 spindle. 

A control experiment was done with a physical blend of Pluronic® F127 polyol 

15 and poly(acrylic acid) (MW 450.000) available from Aldrich. Pluronic® F127 polyol 
and poly(acrylic acid) were dissolved together in deionized water at 1 wt% total 
polymer concentration and the resultant solution was adjusted to pH 7. stirred and 
kept in refrigerator. The responsiveness of the polymer network composition and the 
physical blend to temperature and pH is illustrated in Figs. 1. 11 and 12. Figs. I and 

20 2 clearly demonstrate that the synthetic route outlined above resulted in a polymer 

network system that is sensitive to pH and temperature of the environment. Note that 
the liquid-gel transition is very sharp, occurring over a very small temperature" change 
or pH (see, Figure 11). Figure 12 is a viscosity vs. temperature graph comparing the 
gelling characteristics of the responsive polymer network composition and the physical 

25 blend. The blend prepared by physically mixing of the triblock PEG/PPG/PEG 

polymer and poly(acrylic acid) did not exhibit viscosifying effect either as a function 
of temperature or pH. 

It was generally observed that 0.5-5 wt% polymer network compositions made 
of Pluronic® F127 polyol and poly(acrylic acid) viscosity at temperatures of around 

30 30 °C and higher if pH is adjusted to 6 or higher. The gelling effect was observed in 
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polymer network compositions standing 3 months or longer. Repeated heating and 
cooling of responsive polymer network compositions did not cause deterioration of the 
polymer network or the gelling effect. Solutions of either Pluronic® F127 polyol or 
poly(acrylic acid) (1-5 w% in water, adjusted to pH 6 or higher) or physical blends of 
5 the two lacked the reverse thermal gelling effects found for polymer network 
compositions. 

Example 2 . This example describes a standard operating procedure for the 
manufacture of the reversible gelling polymer network. 

The procedure is based upon a 50 liter production. A NaOH solution was 

10 prepared by dissolving 131.8 g NaOH pellets in 131.8 mL DI water (50% solution). 
The NaOH was allowed to dissolve completely. The NaOH solution will be used to 
convert a percentage of the acrylic acid to sodium acrylate in situ. Acrylic acid 
monomer ( 4 kg) is charged into a monomer feed tank and agitated at 250 rpm. 
NaOH is added slowly. The precipitate formed as the acrylic acid is neutralized to 

15 sodium acrylate is allowed to dissolve. Pluronic® F127 (3.5 kg) is slowly added to 
the monomer feed tank. Pluronic® F127 is dissolved under continued agitation. 
Norpar 12 (a refined C-12 alkane) is added to the reaction vessel (37 L). The mixture 
is agitated at 100 rpm. Stabilizer solution of Ganex V-126 is prepared in 2L Norpar 
12 and added to the reactor under agitation. 

20 A reaction vessel was degassed using a nitrogen sparge introduced from the 

bottom of reactor and was continued throughout the reaction. Initiator (13.63 g Lauryl 
peroxide and 4.23 g Vazo 52 in 0.7 kg acrylic acid monomer) is introduced into the 
monomer solution. The monomer solution was transferred to the reaction vessel. 
Agitation was increased to 150 rpm. Nitrogen sparging continued for an additional 20 

25 minutes and then heating began. Heating began at a rate of 0.5-1.0 "C/min up to 

75 *C. The reaction began to exotherm at about 45-50 'C and is allowed to continue 
without cooling until a maximum is reached. It is then cooled to 75 "C using forced 
cooling. The reaction continued for 12 hours and was then cooled to 35 °C. The 
slurry was transferred into pails and the polymer beads were allowed to settle. 

30 The slurry was filtered through Buchner Funnels with filter paper (1 1 u,m pore 
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size) until the bulk of the Norpar had been removed from the beads. The beads were 
washed three times with heptane. The filtered beads were transferred to a Pyrex 
drying tray and spread on the tray in a uniform layer. The beads were dried under 
vacuum for 4 hours at 40-50 'C. The dried beads were analyzed as follows. 

Elemental analysis. The elemental analysis was performed by Quantitative 
Technologies, Inc., Whitehouse, NJ using a Perkin Elmer 2400 CHN Elemental 
Analyzer. Analysis provided C (52.49%), H (7.50%), N (< 0.05%), the balance 
assumed to be oxygen (39.96%). 

Thermal Gravimetric Analysis (TO AY The TGA method was performed by 
Massachusetts Material Research, Inc., West Boylston. MA using a Dupont TGA 
model 295. The assay was run using a temperature ramp from 30 to 500 °C/min. The 
resolution for the system was set to 4 (1.0 °C/min for all slope changes). The data 
was analyzed using the first derivative of the curve and using maxima and minima to 
mark transitions. The moisture content was also calculated in this manner. The first 
derivative yielded three maxima. The first transition (moisture) was 3.0% by weight, 
the second transition was 14.0% by weight and the third was 67.02% by weight. 
Residue (15.98% remained). 

Molecular weig ht determination bv gel permeation chromatography (GPC). 
The molecular weight was determined by GPC on a Hewlet Packard 11 00 Liquid 
Chromatography system with a Viscotech T60 Triple Detector system. Three Waters 
Ultrahydrogel columns. 1000, 500 and 250 A. were used for the separation. The 
mobile phase was 0.1M NaN0 3 and 0.01M K : HP0 4 salt solution, pH adjusted with 
phosphoric acid to a pH of 8.0 ±0.1. The flow rate for the separation was 0.9 
mL/min. The column temperature was maintained at 15 *C. The injection volume for 
the assay was 50 uL. A PEG molecular weight standard of 23,000 Daltons was used 
to align the detectors. The result for the assay were: 

M n : 341,700 Daltons 
M„: 1,607,000 Daltons 
M w : 2,996,000 Daltons 
Free poloxamer determinati on bv GPC. The amount of free (unbound) 
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poloxamer in the polymer matrix was determined using the above GPC method and 
comparing the poloxamer peaks to that of a standard poloxamer solution. The typical 
result is approximately 18-22% free poloxamer by weight. 

The effect of both the bonded and non-bonded poloxamer on the gelation 
5 properties of the responsive polymer network has been determined by extraction of 
the non-bonded poloxamer from the material. Such extraction studies have 
established that the graft co-polymer alone exhibits the characteristic reverse thermal 
gelation of the composition; however, the presence of non-bonded poloxamer 
component modulates the gelation process. The non-bonded poloxamer component 

10 can affect the temperature of transition (from liquid to gel) and the degree of 
transition and assists in a more controlled and reproducible transition. 

Bound poloxamer determination bv ethylene oxide fEO) titration. The EO 
titration was performed as follows. A 5 gm sample of the product polymer was 
extracted in dichloroethane for three hours at reflux temperatures. The solid is 

15 removed and dried under a vacuum for 12 hours at room temperature. The dry 

material is then analyzed using ASTM method D 2959-95, ''Standard Test Method for 
Ethylene Oxide Content". The amount of EO in the sample is related to the amount of 
poloxamer bound to the polymer. The typical result is approximately 15 % by weight 
ofEO. 

20 The relative amount of free poloxamer may be varied dependent upon the 

relative proportions of starting materials and the method of polymerization. Although 
the residual solids presumably contain only poloxamer which is bonded to the 
poly(acrylic acid), i.e., a graft co-polymer, the material still shows strong 
viscosification when it is neutralized and dissolved in water. However, the 

25 temperature of viscosification is increased substantially and the degree of 

viscosification per gram of total solids is increased by removal of free poloxamer. 
Thus, the free poloxamer plays a role in modifying the extent and temperature of 
viscosification. The poloxamer undergoes conformational changes and changes to the 
critical micelle concentration as a function of temperature. The poloxamer will 

30 change from an open, non-aggregated form to a micellular, aggregated form with 
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changes in temperature. 

Residual acrylic monomer determination by gas chromatography (GO. The 
residual acrylic acid monomer was determined by GC analysis using a Hewlet Packard 
GC 5890A, using a HP-FFDAP-TPA 10 m x 0.53 mm x lum column. The sample 
5 was extracted and run in methanol. Using an internal standard ratio, the sample was 
compared to a one point calibration. The typical results for this assay were below 70 
ppm acrylic acid monomer. 

Residual Nonpar solvent bv GC. The residual Norpar in the sample was 
determined by GC using the above method and comparing the Norpar peaks to that of 
10 a standard. The typical results were below 1.5 wt%. 

UV-vis spectrum. Optical clarity data of UV-vis spectrophotometer was 
obtained. A 1.0% solution in water was prepared and measured at 420 nm. 
Transmittance (%) was typically greater than 90%. 

Differential scanning calorimetrv (DSC). The DSC was performed by 
15 Massachusetts Material Research. Inc.. West Boylston, MA using a temperature ramp 
from 30 to 350 'C at 5 'C/min. The resolution for the system was set to 4 (1.0'C/min 
for all slope changes). The assay yielded one endothermic event at 265 'C, typically 
270 J/g. 

Examples 3-9 . This example describes the synthesis of a several reversible 
20 thermal gelling polymer network prepared using a variety of poloxamers and 

poly(acrylic acid). The gelation and the physical properties of the resultant polymer 
network compositions are reported in Table 2. 
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Table 2. 



example 


poloxamer 


poloxamer composition 


polox- 
amer 
PAA 


trans, 
temp. 


comments 


3 


Pluronic® F88 
Prill polyol 


2400 MWP?G;80wt% 
PEG; nominal MW 
11,400 


1:1 


48 "C 


viscosity response 
curve shown in 
Figure 13 


4 


Pluronic® F127 
NF polyol 


3600 MW PPG; 70 wt% 
PEG; nominal MW 12,600 


1:1 


30 *C 


pentaerythritol 
triallyl ether 
crosslink agent 


5 


Pluronic® PI 04 
polyol 


3000 MW PPG; 40 wt% 
PEG; nominal MW 5.900 


1:1 


28 - C 


viscosity response 
curve shown in 
Figure 14 


6 


Pluronic® PI 23 
polyol 


3600 MW PPG; 30 wt% 
PEG; nominal MW 5,750 


1:1 


25 *C 


viscosity response 
curve shown in 
Figure 15 


7 


Pluronic® 
Ft27/Pluronic® 
F108 polyol 
blend (1:1) 


as above 


1:1.7 


42 'C 


polymer solid 
formed, dried: 
resoiubilized in 
neutralizing 
solution 


8 


Pluronic® F88 
polyol 


as above 


1:1.7 


80 'C 


polymer solid 
formed, dried; 
resoiubilized in 
neutralizing 
solution 


9 


Pluronic® 
F127/Pluronic® 
F88 polyol blend 
(1:1) 


as above 


1:1.7 


85 X 


polymer solid 
formed, dried: 
resoiubilized in 
neutralizing 
solution 



Example 10 . The following example demonstrates the effect of 
hydrophilic/hydrophobic ratio on the gelling temperature. Polymer network 
compositions were prepared from the following poloxamers shown in Table 3. 



WO 98/48768 



PCT/US98/08931 



37 



Table 3. Composition of poloxamers investigated. 



triblock polyoi polymer 


MWofpm block 1 


wt%ofPEG block 


composition 






P103 


3250 


50 


(PEG) 37 (PPG) 56 (PEG)„ 






Pl04 


3250 


40 


(PEG) 2J (PPG) 56 (PEG) 23 






P105 


3250 


30 


(PEG), 6 (PPG) 56 (PEG) I6 







10 

Table 3 shows that in this series, the fraction of PEG is reduced when the 
molecular weight of the PPG block is kept constant. Linse (Macromol. 26:4437-4449 
(1993)) report phase diagrams for these copolymers in water were calculated and it 
was shown that two-phase boundaries corresponding to the beginning of aggregation 

15 are almost unaffected by the molecular mass, given a constant PEG/PPG ratio, 
whereas these boundaries shifted to lower temperature as the PEG content of the 
polymer is reduced at constant mass. The strong dependence of the PEG/PPG ratio is 
a consequence of the differing solubilities of PEG and PPG in water at the elevated 
temperatures. Thus one would suppose that aggregation that causes viscosification in 

20 the responsive polymer network composition should shift to lower temperature as 
PEG fraction decreases. 

The poloxamer (3.0 g) was dissolved in 3.0 g acrylic acid. The solution was 
deaerated by N 2 bubbling for 20 min. and following addition of the 100 :1 of freshly 
prepared saturated solution of ammonium persulfate in deionized water was kept at 

25 70 °C for 16 h resulting in a strong whitish polymer. A sample of the polymer 
obtained (0.4 g) was suspended in 40 ml deionized water into which NaOH was 
added. Suspended responsive polymer network particles were allowed to dissolve 
under constant stirring. The resulting 1 wt% polymer network solutions were 
subjected to the viscosity measurement at shear rate of 132 or 13.2 sec 1 using a SC4- 

30 18 spindle. It can be seen from Figure 16 that, firstly, viscosity of the 1 wt% 
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responsive polymer network solutions before viscosification (at 20-24 °C) decreases in 
the series (PEG) 37 (PPG) 56 (PEG) 37 (F103) > (PEG^PPG^PEG^FKM) > 
(PEG) 16 (PPG) 56 (PEG) 16 (F105) and, secondly, the temperature at which gelation shifts 
from about 45 °C for (PEG) 37 (PPG) i6 (PEG) 37 to about 35 °C for 
5 (PEOjjCPPOj^PEG)^ and (PEG) 16 (PPG) 56 (PEG) 16 . Both results are in excellent 
agreement with the theory set forth in Linse. 

Example 11 . The following example is related to release of and active agent 
from a poloxamer: polymery lie acid) polymer network. Drug loading and kinetics of 
release of the protein hemoglobin from poloxamer:po!y(acrylic acid) polymer network 
10 is described. 

Synthesis . Pluronic® F127 (3.0 g) was dissolved in 3.0 g acrylic acid. The 
solution was deaerated by N 2 bubbling for 0.5 h and following addition of 100 Fl of 
freshly prepared saturated solution of ammonium persulfate (Kodak) in deionized 
water was kept at 70°C for 16 h resulting in a transparent polymer. The resultant 
15 responsive polymer network obtained (5 g) was suspended in 95 ml deionized water 
into which NaOH was added. The resulting suspension was allowed to swell for 7 
days. 

Hemoglobin loading and release. A 5 wt% responsive polymer network 
composition (3 g) was allowed to swell for 16 h in 10 ml of 0.25 mg/ml solution of 

20 human hemoglobin (Sigma) in deionized water adjusted to pH 8. The resulting 

mixture was well shaken and placed into the feed chambers of customized vertical, 
static, Franz-like diffusion cells made of Teflon. The feed and receiver chambers of 
the diffusion cells were separated by mesh screens (# 2063). The receiver chamber 
was continuously stirred by a magnetic bar. The cells were allowed to equilibrate to 

25 either 25 or 37°C (in an oven). The feed and receiver phases consisted of 1 g of the 
hemoglobin-loaded responsive polymer network and 6 ml of phosphate-buffered saline 
(pH 7.4), respectively. In the control experiment, the feed phase was made of 1 g of 
0.25 mg/ml hemoglobin solution. After the feed solution had been loaded into the 
cell, the kinetic time commenced. Samples of the receiver phase was withdrawn from 

30 time to time and their absorbance was measured spectrophotometrically at 400 nm. 
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To calculate hemoglobin concentrations, corresponding calibration curves (absorbance 
in PBS versus hemoglobin concentration) were generated. The results of the kinetic 
experiment are presented in Figure 17. It can be seen that the rate of hemoglobin 
release from the polymer network was substantially lowered at 37 °C when compared 
5 to that at 25 °C, because of viscosity increase in the polymer network at elevated 
temperatures (see Figure 1). The protein released from the polymer network 
composition still retained its native structure, as was determined by comparison of uv- 
vis spectra of release hemoglobin and natural hemoglobin. 

Example 12. The following example is related to release of an active agent 

10 from a poloxamer:poly(acrylic acid) polymer network. Drug loading and kinetics of 
release of the protein lysozyme from a polymer network is reported. 

Lysozyme loading and release. A 5 wt% responsive polymer network 
composition (3 g) was allowed to swell for 16 h in 10 ml of 1 mg/ml solution of 
chicken egg-white lysozyme (Sigma) and 1.5 mg/ml sodium dodecyl sulfate (Aldrich) 

15 in deionized water adjusted to pH 8.5. The resulting mixture was well shaken and 
placed into the feed chambers of customized vertical, static, Franz-like diffusion cells 
made of Teflon. The feed and receiver chambers of the diffusion cells were separated 
by mesh screens (# 2063). The receiver chamber was continuously stirred by a 
magnetic bar. The cells were allowed to equilibrate to either 25 or 37°C (in an 

20 oven). The feed and receiver phases consisted of 1 g of the lysozyme-loaded 
responsive polymer network and 6 ml of phosphate-buffered saline (pH 7.4), 
respectively. In the control experiment, the feed phase was made of 1 g of 1 mg/ml 
lysozyme solution. After the feed solution had been loaded into the cell, the kinetic 
time commenced. Samples were withdrawn and their absorbance measured 

25 spectrophotometrically at 280 nm. A calibration curve was prepared for lysozyme 
concentration ranging from 0 mg/ml to 0.5 mg/ml in phosphate buffered saline. The 
results of the kinetic experiment are presented in Figure 18. It can be seen that the 
rate of lysozyme release from the responsive polymer network composition was 
substantially lowered at 37°C when compared to that at 25 °C, because of viscosity 

30 increase in responsive polymer network at elevated temperatures (see Figure 1). 
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In order to demonstrate the retention of the enzymatic activity of lysozyme, 
the lysozyme released from the responsive polymer network composition was assayed 
using Micrococcus lysodeikticus cells and compared to that of original lysozyme. The 
enzymatic activity of lysozyme was the same, within the error of the assay (15%), as 
5 that of the original lysozyme. Control without lysozyme in presence of sodium 
dodecyl sulfate did not show any appreciable lysis of the cells. 

Example 13 . The following example is related to release of an active agent 
from a poloxamer:poly(acrylic acid) polymer network. Drug loading and kinetics of 
release of insulin from a responsive polymer network composition is reported. 

10 Insulin loading and release . A 5 wt% responsive polymer network 

composition (3 g) was allowed to swell for 16 h in 10 ml of 5 mg/ml solution of 
bovine Zn 2+ -insulin (Sigma) in deionized water adjusted to pH 7. The resulting 
mixture was well shaken and placed into the feed chambers of customized vertical, 
static, Franz-like diffusion cells made of Teflon. The feed and receiver chambers of 

15 the diffusion cells were separated by mesh screens (# 2063). The receiver chamber 
was continuously stirred by a magnetic bar. The cells were allowed to equilibrate to 
either 25 or 37 °C (in an oven). The feed and receiver phases consisted of 1 g of the 
insulin-loaded responsive polymer network and 6 ml of phosphate-buffered saline (pH 
7.4), respectively. In the control experiment, the feed phase was made of 1 g of 5 

20 mg/ml insulin solution. After the feed solution had been loaded into the cell, the 
timing commenced. Samples were withdrawn and their absorbance was measured 
spectrophotometrically at 280 nm. A calibration curve was prepared for insulin 
concentration ranging from 0 mg/ml to 1.25 mg/ml in phosphate buffered saline. The 
results of the kinetic experiment are presented in Figure 19. The rate of insulin 

25 release from responsive polymer network was substantially lowered at 37 °C when 
compared to that at 25 °C, because of viscosity increase in responsive polymer 
network at elevated temperatures (see Figure I). 

Example 14 . This example demonstrates the preparation of a sterile reversibly 
gelling polymer network aqueous composition and the stability of the composition to 

30 sterilization. The polymer network is prepared as described in Example 1, except that 
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the composition is prepared at 2 wt% Pluronic* F127 polyol/poly(acrylic acid). After 
dissolution of the 2 wt% polymer network in water, the viscosity is measured. The 
composition then is sterilized by autoclaving at 121 °C, 16 psi for 30 minutes. 
Viscosity is determined after sterilization. The corresponding curves for viscosity (a) 
5 before and (b) after sterilization are shown in Figure 20 and establish that minimal 
change in the viscosity profile of the material has occurred with sterilization. 

Examples 15-30 . These examples show additives which may be used to affect 
the transition temperature overall viscosification of the polymer network composition. 

A 1 wt% polymer network was prepared in deionized water at pH 7 in which 
10 a variety of additives were included in the composition. The effect of the additive 
was determined by generation of a Brookfield viscosification curve. Results are 
reported in Table 4. 
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Table 4. 





Example No. 


Additive (wt%) 


Effect of additive on: 








transition temp. 

CO 


final viscosity 
(% change) 




15 


1,2-methyl 
pyrrolidone (5) 


I (1-8) 


N 


5 


16 


Rhodapex CO-436 
(2) 


I (1.6) 


N 




17 


Dow Corning 190 
(2) 


K5) 


I (150) 




18 


isopropyl alcohol 
(0.5) 


1(3.1) 


1(45) 




19 


Pluronic* L122 (1) 


D (4.4) 


D(13) 




20 


Pluronic® F88 (1) 


N 


1(41) 


10 


21 


Tween 80 (0.5) 


N 


1(18) 




22 


Germaben® II (1) 


D(9) 


I (100) | 




23 


Iconol NP-6 (1) 


D(9) 


1(500) 




24 


Plurafac C-17 
(0.5) 


I (5.2) 


D(36) 




25 


Dow Corning 193 
(0.75) 


1(4.1) 


D(12) 


15 


26 


glycerin (5) 


D(2) 


N 




27 


UC 50-HB- 
170/EO/PO 
random copolymer 
(0.5) 


N 


N 




28 


PVP K15 (1) 


N 


N 




29 


MAPTAC (1) 


N 


D(8) 




30 


potassium chloride 
(0.25) 


N 


D(34) 


20 


= increase; D = d 


screase; and N - no change 
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Example 31. Because of the surfactant nature of the polymer network 
composition coupled with the gelation effect of the polymer network composition, it is 
possible to prepare formulation which are 100% water-based, but which are lubricous 
and thick. 

Formulations including a nonionic surf actant formulation ! An O/W (oil-in- 
water) emulsion was made by combining the following ingredients utilizing 
conventional mixing techniques: 

Table 5. 

Ingredient 



responsive 
polymer network as prepared 
in Example 1 



Emulsifying Wax NF' 
Mineral Oil 



% w/w 



20.0 



1 Folowax available from Croda 

Into a vessel equipped with a high efficiency homogenizer, the formula amount 
of all ingredients is added, water is added to 100% w/w and allowed to mix to 
homogeneity. This formulation contains a nonionic surfactant and gives an emulsion 
that is fluid at room temperature but viscosifies above 32 °C. 

Formulations including a cationic surfactant formulation : An O/W (oil-in- 
water) emulsion was made by combining the following ingredients utilizing 
conventional mixing techniques: 

Table 6. 

Ingredient 



10 % wt. 1:1 responsive 
polymer network as prepared 

in Example 1 

Behentrimonium Methosulfate 
(and) Cetearyl alcohol 1 
Mineral Oil 



% w/w 
20.0 



' Incroquat Behenyl TMS available from Croda 
Into a vessel equipped with a high efficiency homogenizer, the formula amount 
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of all ingredients is added and allowed to mix to homogeneity. This formulation 
contains a cationic surfactant and gives an emulsion that is fluid at room temperature 
but viscosities above 32 °C. 

Formulations including an anionic surf actant formulation : An OAV (oil-in- 
5 water) emulsion was made by combining the following ingredients utilizing 
conventional mixing techniques: 

Table 7. 



Ingredient 


% w/w 


10 % wt. 1:1 responsive 
polymer network as prepared 
in Example 1 


26.0 


Cetearyl Phosphate (and) 
Cetearyl alcohol 1 


2.5 


Mineral Oil 


5.0 



Into a vessel equipped with a high efficiency homogenizer, the formula amount 
of all ingredients is added, water is added to 100% w/w and allowed to mix to 
homogeneity. This formulation contains a anionic surfactant and gives an emulsion 
that is fluid at room temperature but viscosifies above 32 °C. 

Example 32,,, Acne Medication: An oil-free, clear, anti-acne treatment is 
made by combining the following ingredients utilizing conventional mixing 
techniques: 

Table 8. 



Ingredient 


% w/w 


10 % wt. 1:1 responsive 
polymer network prepared as in 
Example 1 





Ulycerm USP 


5.0 


Salicylic Acid 


2.0 


DL-Panthenoi 1 


0.5 


Gennaben'" II' 


0.1 


Uisodium EDTA 


0.2 


USP Purified Water 


72.2 


' Germaben w Il available from Sutl 


on Laboratories 



To one vessel, equipped with a Lightnin' Mixer with a 3 blade paddle prop, 
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the full amount of USP Purified Water to 100% w/w is added. While maintaining the 
temperature, with moderate to vigorous mixing, the formula amount of Disodium 
EDTA, Citric Acid, DL-Panthenol, Glycerin, Salicylic Acid, and Germaben* II is 
added. These materials are allowed to dissolve at 50°C. After dissolution, the vessel 
5 is then cooled to 20°C. To another vessel, equipped with a high efficiency 

homogenizer, the formula amount of responsive polymer network is added. The 
responsive polymer network vessel is then cooled to 4°C. After cooling, while 
vigorously homogenizing, the contents of the first vessel is added to the second 
vessel, and allowed to mix to homogeneity. 

10 The composition displays a flowable clear jelly appearance with excellent 

spreadability and absorption characteristics at room temperature, and after heating the 
formulation to 32°C, the composition thickens to a gel-like consistency. 

Example 33. (a) Oil-free Moisturizer (formulation I): An oil-free, lubricous 
moisturizer was made by combing the following ingredients utilizing conventional 

15 mixing techniques: 
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Table 9. 



5 



1 Ingredient 


% w/w 


10% wt 1:1 responsive polymer 
network as prepared in Example 
1 


20.0 


I Glycerin USP 


5 0 


PPG-2 Myristyl Ether 
Propioniate 


3.0 


DL-Panthenol 


0.5 


Germaben* II 1 


0.1 


Disodium EDTA 


0.2 


Citric Acid 


0.01 


USP Purified Water 


71.19 



Germaben® H available from Sutton Laboratories 



15 The above ingredients were added and processed as described above for the 

acne composition. The composition displayed a flowable creamy lotion appearance 
with excellent emolliency, spreadability and absorption characteristics at room 
temperature. After heating the formulation to above 26°C, the composition thickened 
to a gel-like consistency. The viscosity vs. temperature curve is shown in Figure 21 

20 and demonstrates that addition of adjuvants to the composition significantly enhances 
the responsive polymer network maximum viscosity (> 900,000 cps). The use of the 
poloxamer:poly(acrylic acid) polymer network in the formulation also imparts a 
unique viscosification effect after application to the skin, which is not evident in 
typical commercial O/W emulsion formulations (See, Figure 21b). 

25 (b) Oil-free Moisturizer (formulation ID: An oil-free, lubricious moisturizer 

was made by combing the following ingredients utilizing conventional mixing 
techniques: 



30 
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Table 10. 



Ingredient 


% w/w 


1:1 polymer network as prepared 
in Example 1 


2.0 


Glycerin USP 




Carbopol 980 


1.0 


D-panthenol, propylene glycol 


1.0 


Preservative 


1.0 


Hydrolyzed protein (and) 
hyaluronic acid 


0.5 


Sodium hydroxide. 


0.2 


USP Purified Water 


90 



The above ingredients were added and processed as described above for the 
acne composition. The composition displayed a flowable creamy lotion appearance 
with excellent emolliency, spreadability and absorption characteristics at room 
temperature. After heating the formulation to 26°C, the composition thickens to a 
gel-like consistency. The addition of adjuvants to the composition significantly 
enhances the polymer network maximum viscosity. 

Example 34. Sunscreen Lotion. An oil-free, lubricious sunscreen lotion was 
made by combining the following ingredients utilizing conventional mixing 
techniques: 
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Table 11. 



Ingredient 


% w/w 


1:1 polymer network as prepared 
in Example 1 


2.0 


Glycerin USP 


8.0 


Carbopol 980 


1.0 


Parsol MCX 


7.0 


Myristyl Ether Propionate 


5.0 


Preservative 


1.0 


Cyclomethicone 


1.0 


Sodium hydroxide 


0.2 


USP Purified Water 


74 



The above ingredients were added and processed as described above for the 
15 acne composition. The composition displayed a flowable creamy lotion appearance 
with excellent emolliency, spreadability and absorption characteristics at room 
temperature. After heating the formulation to above 26 °C. the composition thickened 
to a gel-like consistency. The addition of adjuvants to the composition significantly 
enhances the polymer network maximum viscosity. 
20 Example 35. Facial mask. A face mask was made by combing the following 

ingredients utilizing conventional mixing techniques: 
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Table 12. 



Ingredient 


% w/w | 


1:1 polymer network as prepared 
in Example 1 


1.0 


Polyvinyl alcohol 


6.0 


Polyvinylpyrollidone (20%) 


5.0 


D-panthenol, propylene glycol 


1.25 


Propylene glycol 


1.25 


USP Purified Walcr 


85.5 



The above ingredients were added and processed as described above for the 
acne composition. The composition displayed a flowable creamy lotion appearance 
with excellent emolliency, spreadability and absorption characteristics at room 
temperature. After heating the formulation to above 26°C, the composition thickened 
15 to a gel-like consistency. The addition of adjuvants to the composition significantly 
enhances the polymer network maximum viscosity. 

Example 36. Facial toner. A face mask was made by combing the following 
ingredients utilizing conventional mixing techniques: 



Table 13. 



Ingredient 


% w/w 


1:1 polymer network as prepared 
in Example 1 


0.01 


Hydroxyethyl cetyldimonium 
phosphate 


1.00 


PEG-40 hydrogenated caster oil 


2.00 


D-panthenol, propylene glycol 


0.50 


Glycerin 


2.00 


Witch hazel extract 


5.00 


USP Purified Water 


88.49 



30 
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The above ingredients were added and processed as described above for the 
acne composition. The composition displayed a flowable appearance with excellent 
emolliency, spreadability and absorption characteristics at room temperature. After 
heating the tormulation to above 26°C, the composition thickened to a gel-like 
5 consistency. The addition of adjuvants to the composition significantly enhances the 
polymer network maximum viscosity. 

Example 36. Solubilizatio n studies of model hydrophobic agents in the 
poloxamer: polvfacrvlic acid) polymer network: estradiol and progesterone . This 
example is presented to demonstrate the solubilization of a hydrophobic agent in the 

10 polymeric network. Progesterone and estradiol were used as the hydrophobic agents 
in this model solubilization study. 

Acrylic acid (99%), fluorescein (98%). ^-estradiol (98%), and progesterone 
(98%) were all obtained from Aldrich and used as received. Pluronic® F127 NF was 
obtained from BASF. Poly(oxyethylene-b-oxypropylene-b-oxyethylene)-g-poly(acrylic 

15 acid) copolymers (responsive polymer network ) were synthesized by free-radical 
polymerization of acrylic acid in the presence of poloxamer as described above. The 
polymer network copolymers discussed here were composed of about 1:1 ratio of 
PAA to poloxamer. The Theological properties of polymer network were assessed 
using LVDV-II+ and RVDV-II+ Brookfield viscometers. The microscopic light 

20 scattering of 21 nm poly(styrene) latex particles in deionized water and 1 w% 

reversibly gelling polymer network was measured using He-Ne laser as described 
previously (See, Matsuo, E.S., Orkisz, M., Sun, S.-T., Li, Y., Tanaka, T., 
Macromolecules, 1994, 27, 6791). The solubility of fluorescein and hormones in 
aqueous solutions was measured by the equilibration of excess solubilizate with the 

25 corresponding solution following removal of undissolved species by centrifugation and 
filtration. Hydrophobic agents were assayed spectrophotometrically at 240 
(progesterone) or 280 nm (estradiol), or by using 70/30 w/w H 2 S0 4 /MeOH 
(Tsilifonis-Chafetz reagent). In vitro hormone release studies were conducted using 
thermostatted, vertical Franz cells. Spunbonded polypropylene microfilters (micron 

30 retention, 15-20) were used as a membrane separating feed and receiver phases in 
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Franz cells. The responsive polymer network, water, ethanol, and 20% PEG in water 
were observed to wet the membrane. The receiver solutions consisted of 20 w% PEG 
in water (pH 7) and were stirred by magnetic bars. The feed phases composed of 
responsive polymer network were loaded with either estradiol or progesterone. Each 
5 hormone was dissolved in ethanol and the resulting solution was added into the 
responsive polymer network. 

Equilibrium solubility vs. temperature plots for estradiol and progesterone 
(partition coefficient octanol/water (P) 7200 and 5888, respectively, in aqueous 
solutions of Pluronic® F127 polyol and responsive polymer network are presented in 
10 Figure 22. It can be seen that increasing temperature and concentration (C) of 

polymers in the solution raises the amount of the hormone dissolved. In Figure 22a, 
vertical lines represent critical micellar temperatures (CMT) for corresponding 
Pluronic F127 polyol solutions. It is interesting to note that the slope of the 
solubility-temperature plots increased as temperature reached CMT, indicating that 
15 solubilization in the Pluronic solutions was predominantly due to the formation of 
micelles. Similar trend was observed in the responsive polymer network solutions. 
The S values in 5% aqueous solutions of branched PAA did not exceed 15 and 40 
Hg/mL at 60 °C for estradiol and progesterone, respectively. The solubility values 
found for responsive polymer network were the same as S in parent Pluronic solutions 
of equivalent concentrations. Therefore, it may be suggested that solubilization 
behaviors of the responsive polymer network are governed by the properties of the 
poloxamer incorporated into it. Thermodynamic parameters of the solubilization 
process with responsive polymer network were calculated using the same 
approximations as in the micellar solubilization with Pluronic polyols. See, Saito,Y., 
Kondo, Y., Abe, M., Sato, T., Chem.Pharm.Bull., 1994, 42, 1348. Namely, 
partition coefficient P was estimated from equilibrium solubilities of estradiol in 
responsive polymer network and water: 

P=S SH /S W (13) 
by extrapolating the solubility plots of the steroid in Figure 22 to 100 % responsive 
polymer network. Using P values obtained from data in Figure 23, we calculated the 
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standard free energy change (AG), standard enthalpy of solubilization (AH), and stan- 
dard entropy of solubilization (AS) using the following expressions: 

AG - -RTlnP; AH = -RAlnP/A(l/T); AS = (AH - AG)/T (14) 

Thermodynamic parameters obtained along with P values are given in Table 13. 
5 Apparent partition coefficients and thermodynamic parameters for solubilization of 
estradiol by responsive polymer network. 

Table 13. 



10 



r, k 


P=SSH/S 


AG 


AH 

kJ/mol 


AS 1 


177 


490 




4.72 


w— 

52.0 
53.9 
54.0 
54,0 


m 


520 


-15.2 


no 


660 


-16.7 


323 


660 


-17.4 


m 




-18,0 



Negative AG values indicate spontaneous solubilization at all temperatures, 
whereas positive AH shows that the solubilization was endothermic, similar to the 
solubilization of estriol, as well as indomethacin, by the poloxamer. Notably, AS of 
solubilization was always positive, suggesting that the more ordered water molecules 

20 surrounding hydrophobic estradiol molecules moved to the less ordered bulk phase 
when the estradiol was transferred to the hydrophobic core of PPG segments in 
responsive polymer network. The aggregation of the PPG segments at elevated 
temperatures provides not only temporary cross-linking in the gel, but also a 
thermodynamically "friendly" environment for the hydrophobic drugs. Indeed, one 

25 can express the free energy of formation of the aggregate core-water interface in 
responsive polymer network as: 

AG = [ffPwd- 4>) + aW D tf>](4irR 2 /n) (15) 
where <rP w and oW D are the interfacial tensions between pure PPO polymer and water 
and between water and the drug, respectively; is the volume fraction of the drug 

30 within PPO core; R is the effective radius of the core, and n is the aggregation 
number. 
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Equation (3) shows that solubilization of a hydrophobic drug of high uWD 
should increase the stability of the aggregate. The solubilization process was found to 
decrease the critical micellization concentration and substantially increase the micellar 
core radius in Pluronic surfactants (Hurter, P.N. et ai, "In Solubilization in 
5 Surfactant Aggregates", Christian, S.D., Ed., Marcel Dekker, New York, 1995). A 
similar trend is indicated by the lowering the onset of gelation of the responsive 
polymer network upon solubilization of fluorescein (LogP 2.1) (Figure 24). The 
solubilization of hydrophobic drugs by responsive polymer network, analogous to the 
micellar solubilization of drugs by poloxamer, suggests that the responsive polymer 
10 network can be an effective vehicle in drug delivery. 

Our in vitro study of hormone release from responsive polymer network 
shows an increase in the initial transport rate with either decreasing total polymer 
concentration in the formulation or decreasing temperature (Figure 25). These effects 
are related to the changes in macroscopic viscosity of the responsive polymer 
15 network, which erodes more rapidly from the feed phase through the membrane into 
the receiver compartment as the viscosity decreases (Figure 26). The degree of the 
responsive polymer network erosion was measured by weighing hormone-loaded 
responsive polymer network before and after kinetic experiment. 

Figure 27 shows that the relative amount of progesterone penetrating into the 
20 receiver phase decreased 4-fold with the increase of total polymer concentration, 
whereas the total relative amount of progesterone stayed almost constant as total 
polymer concentration in the responsive polymer network increased. This result shows 
the existence of two routes of transport of hydrophobic drugs in our model system. 
Firstly, the drug incorporated into aggregates within the responsive polymer network 
25 system can flow through the membrane along with the erosion of the responsive 
polymer network; secondly, the drug not associated with the responsive polymer 
network aggregates can diffuse out of the responsive polymer network in the feed 
phase. The second process should not be related to the viscosity of the responsive 
polymer network. Indeed, the dynamic light scattering experiment shows no dramatic 
30 change of diffusivity of poly(styrene) latex particles in the responsive polymer 



WO 98/48768 



PCT/US98/08931 



54 

network as temperature rises thereby increasing macroscopic viscosity more than 10- 
fold (Figure 28). This result indicates that the viscosity of the responsive polymer 
network is essentially unaffected on the microscopic scale. 



5 Appendix A attached. 
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Cosmetic Bench Reference 
Function Definitions 



agent (surfactant) that promotes the formation of 




Antisui: reduces static by neutralizing electrical charge on a surface Hair dye: imparts a new permanent or semi-permanent color to hair 

Astringent: contracts organic tissue after application Hair-set polymer polymer and/or resins used to maintain desired hair shape 



Bleaching agent: lightens color, oxidizing agent Hair waving: see Reducing agent and Ni 



Intermediate basic chemicals which are cb 

or iron 



Conditioner improves condition of skin and hair 



Lubricant: reduces friction, smoothes, adds slip 




Neutralizer an oxidizing agent used in hair waving that stops the action of the 
Deodorant: destroys, masks or inhibits formation of unpleasant odors Oil absorbent: see Absorbent powder 

Depilatory: removes hair chemically Ointment base: an anhydrous mixture of oleaginous components used as a 

Detergent: a surface-active agent (surfactant! that cleans by emulsifying oils vehide for ™di<ameiKs 



Dye stabilizer: see Stabilizer Perfume solvent: see Solvent and Solubilizer 

Cosmetic Bench Reference 1 996 
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Peroxide stabilizer: see Stabilizer 

Pigment: a finely powdered insoluble substance used to impart color, luster or Stimulant produces a temporary increase in the functional activity of an 

opacity organism or any of its pans 

Plasticizer. plasticizes (makes mare flexible) polymeric films or fibers Surfactant I surface-active agenil: lowers surface tension between two 

Polish- smoothes- adds gloss and luster or morc incon >P'«'l>le P"""* s°aP»- detergents, wetting agents. 

solubizing agents and emulsifying agents are typical surfactants: 

Polymer: a very high molecular weight compound consisting of repeating surtactantsareclassiriedasonioniccalionic.nonionicandamphotenc: 

structural units 



PropeUant: pressurized gas in a container used to expel the contents when Sweetener sweetens to provide a more pleasant taste 
pressure is released by opening a valve Tanning accelerator: accelerates the tanning of skin 

Protein: naturally occurring complex combinations of amino acids Thickener: thickens or increases viscosity/consistency 



of certain gelsandemulsions of becoming more tluid 




Wax: any of numerous substances of plant, animal or synthetic origin that 
contain principally esters of higher fatty acids and higher fatty alcohols: free 
fatty alcohols, faity acids and hydrocarbons may also be present: waxes 
derived from petroleum products are mainly hich-molecular-weight 
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Functions 




Luffa cylindrica 
Olive stone granules 
Oysler shell powder 
Peach (Pmnus persica) pit powder 
Peach (Pruntis persica I stone grant 
Polyethylene 

Polyethylene HEC granules 



1.2.6-Hexanetnol 



Corn (Zea mays) starch 
Maltodexnin 
Nylon- 12 



Glutamic acid 
Glycolic acid 
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"ALPHA HYDROXY ACIDS" 
Glycoiic Malic 
Lactic Citric 

Ascorbic 
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Functions 




Carrot (Daucus 

Cassia aunculata extract 
Celandine (Chelidonium 



Chaparral (Larrea mexicana) extract 
Cherry (Prunus speciosai leaf extract 
Cherry bark. C.b. extract 
Chestnut iCosianea uiival extract 



Clove (Eugenia caryophvllusi ■ 
Clover ( Tritolium pratensei ext 
Cnidium officinale rhizome exi 
Coffee iCoffea arabtcai bean e; 



Grape tVitta vimferai leal"* 
Grapefruit (Citrus grandisi peel ex 



Mistletoe i Vi scum i 
Mugwon i Artemisia p 
Multem-i Moras iibaii___ 
Mulberry i Moras bombvsisi 



NenieiUnicadioicaie: 



Hazel (Coryluxavellanm mi 



Oat (Avena saiivai bran, bran extract, flour, protein 
Oat flower 

Olive idea eurepai extract, leaf extract 
Onion t Allium cepa) extract 
Orange blossom extract 

Orange i Citrus auranuum dulcisi flower extract. 



ComiZeam>.,.„^,,^,v, u « ; ,. , 
Com poppy i Papaver rhoeasi e; 



Crataegus monogina en 
Crithmum m 



IsodonisJaponicusex 
Japanese angelica (Angelica acutiloba) u 




UAMPO Siddha Herbs Extracts 

thi-Pul (Glow-grass) Siddha Extract lo 



PEG-SO jojoba acid/alcohol 
PEG-120 jojoba acid/alcohol 



. CAMPO RESEARCH 



Tel: (65) - 7853292 Full Colour Fax: (L 
Video Teleconferencing (65) 7653292 - For Tech. A 



PCT/US98/08931 



Phospholipids 

Pimento iPimenta officinalis) ex 
Pine (Pinus sylvestrisi cone, nee 



Pollen extract 

Pongamol 

Porta Cocos extract 

Queen of the meadow extract 
Quillaja saponaria extract 
Quince I Pynis cydoraai seed extract 
Quinoa (Chenopodium quintal extract 



Restharrow i Ononis sp 





Caprylic/capric triglyceride 
Caprylic/capric/lauric Inglyceride 
Caprylic/capric/linoleic triglyceride 
Caprylic/capric/oleic triglycerides 



Soybean i Glycine so. 
Soy (Glycine soiai germ extract, protein, sterol 
Spearmint t. Mentha viridisi extract, oil 
Spinach (Spinai -'" 




PPG- l^SMDI Copolymer 
PPG-51/SMDI Copolymer 

P. glycol 





Behenamidopropyi PG-dimonium chloride 



CAMPO Siddha Herb Extracts 
CAMPO Rainforest Herb Extracts & Oils 
CAMPO Australasian Herbs & Tea Tree Extracts 
CAMPO Chinese & Japanese Herb Extracts 



CAMPO RESEARCH ML 

Level 36. Hong Laong Building. 4® 
**&r is Haflles Quay, Singapore 0104 

Tel: (65) - 7653292 Full Colour Fax: (65) - 7653293 
PC - Video Teleconferencing (65) 7653292 - For Tech. Assistance. 
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Ricinoleyl alcohol 
Sodium ceteth- 1 3-carboxylate 
Sodium lignosulfonme. s! polymethactyliite 



Dihydnwyeth'yl lallowamine oleale 
Diisobutyl adipaie 
Diisocetyl adipate. dodecanedioate 
Diisodecyl adipate 

Diisopropyl adipaie. dimor dilinoleate 
Dnsopropvt .sebauue 

Diisosicaroyl inmethylolpmpane silosv silicate 




Butyl mynstate. 
Butyioctanol 
Butyloctvl oleate 
CI2-I3.CIM6.CU-I5 
CIM5 alcohols octanow 
CI2-IS alkyl benzoaie 
dl-Ci:-!5alkvltumarate 
CI2-I5 alkyl lactate 
Camellia kissi oil 



Caprylic/capric/linoleic tnglvcende 
Caprylic/capric/oleic triglycerides 
Caprylic/capnc/stearic tnglyceride 
Caprylic/capric/succinic triglyceride 
Capsicum frutcscens oleoresin 
Carrot (Oaucusca 



Ceteth-10 
Cetostearvl st< 
Cetyl CIM5. 
Cetyl acetate. C. alcohol 
Cetvl 
Cetyi 
Cetyl 

Cetyl PPG-:i*odeccth.7c; 
Cetyl i 
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COSMEITCAND 
PHMlMACEDTrCAL 
INGREDIENTS 



CARBOXYMEniYLCELLULOSE USP 
CEE1NA (CETYL ESTERS & STEARAMIDE DEA) 
SPERMWAX* (CETYL ESTERS WAX) 
CHOLESTEROL NF 
DEN ATONIUM BENZOATE NE 
GLYCINE USP 
IPG (ISOPENTYLDIOL) 
MENTHOL USE 
ROBANE (SQUALANE NF) 
SUPRAENE 3 (SQUALIiNE) 
UREA PEROXIDE USP 



r ROBECOINC. 

I 99 PARK AVENUE. NEW YORK. 
| 212-986-6410 
| FAX: 212-<?8<hMW 
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Glyceryl 
Glyceryl 

Glyceryl linoleaie.G. 
Glyceryl myristate. C 
Glyceryl ricinoleate 
Glyceryl 



Gold of Pleasure oil 
Grape (Vitis vinifera) seed • 
Hazel (Corylus 
Heliamhus 




Oleylali 

Olive (Oleaeuropa) oil 
Orange (Citrus aurantium dulcis) peel wax 



Palm kernel glycerides 



Partially hydrogenated canola oil 
Partially hydrogenated soybean oil 
Peach (Primus persica) extract 
Peanut (Arachis hypogaea) oil 
Pecan (Carya illinoensis) oil 
PEG-2dii 



PEG-4 



PEG-5 CS- 12 alcohols citrate 
PEG-5 CM-lSalcohoUchrate 
PEG-5 hydrogenated castor oil 
PEG-5 hydrogenated castor oil 
PEG-6 

PEG-6 capric/caprylic glycerides 
PEG-7 glyceryl cocoate 
PEG-S 



PEG-8/SMDI copolymer 
PEG-9 5 iearylsteame 
PEG-lOstearvlstearate 
PEG-12 

PEG-12 dioleate. R palm kernel glycerides 

PEG- 15 co — ■ 

PEG-18 
PEG-20 
PEG-20 hv 
PEG-20 hv 
PEG-20 hy 

PEG-24 hydrogenated lanolin 
PEG-M) hydrogenated ca 





Myreth-3 myrisiate. M. octanoate 
Myristyl alcohol. M. lactate 
Myristyl myrisute, M. octanoate 
Myristyl propionate, M.stearate 



Neopentyl glycol dicaprate/dicaprylate 

Neopentyl glycol dioctanoate 

Oat (Avena saliva) bran extract, extract, fl 

Octacosanvl stearate 

Octyl cocoate 

Octyl hydroxystearate. O. isononanoate 
Octyl neopemanoate. O. octanoate 
Octyl oleate. O.palmhate 
Octyl pelargonate, O. siearate 



PEG-75 lanolin. P. shea butter glycerides 
PEG-75 sborea butter glycerides 
PEG-150 

PEG/PPG- 17/6 copolymer 
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Functions 



Polydimethicone copoiyol 
Polyethylene glycol 
Polyglyccryl-" 
Polyglycer 
Polyglycer 
Polyglycer 




PPG-2 lanolin alcohol, 
PPG-2 myristyl 
PPG-3 hydrogenated i 
PPG-3 myrisiyl elhcr 
PPG-5-buteth-7 
PPG-5-laureth-J 
PPG-5 butyl ether 
PPG-5 lanolin wax 
PPG-5 



PPG-S/SMDI copolymer 
PPG-9 

PPG-9-buteth-12 

PPG-9 butyl ether 

PPG-10 butanedioL P. cetyl ether 

PPG- 10 methyl glucose ether 

PPG-10 oleyl ether 

PPG- 11 stearvl ether 

PPG-12-buteih-l6 

PPG-12-PEG-50 lanolin 

PPG-12-PEG-65 lanolin oil 

PPG-12/SMDI Copolymer 

PPG-14butvl ether 

PPG-15 butyl ether. P. stearvl ether 

PPG-15 stearyl ether benzoate 

PPG-16 butyl ether 

PPG-18 butvl ether 

PPG-20 

PPG-20-buteth-3O 
PPG-20 cetyl elher 
PPG-24-glvcereth-24 
PPG-26 

PPG-27 alvcervl ether 

PPG-28-buteth-35 

PPG-30 

PPG-30cetvl ether 

PPG-40 butvl elher 

PPG-50 cetyl elher. P. olevl elher 

PPG-51/SMDI Copolymer 

PPG-53 butyl ether 

Propylene glycol ceteth-3 acetate 

Propylene glycol dicaprylate 

Propylene glycol diraprvlate/dicapraie 

Propylene glycol diisostearate. P.g. diocta 

Propylene glycol dipclargonote 

Propylene glycol isoccieth-3 acetate 

Propylene glycol isostearate. P.g lauraie 

Propylene glycol myristate 



Propylene glycol stearate, SE 
Pumpkin (Cucurbita pepo) seed oil 
Quinoa (Chenopodium quinoa) oil 
Rapeseed (Brassica campestris) oil 
Rice (Oryza saliva) bran oil. bran wax 
Rice fatty acid 

Safflower (Carthamus tinctorius) oil 
Salmon (Salmo) egg extract 
Sesame (Sesamum indicum) oil 
Shark liver oil 

Shea butter (Butyrospermum parkii) 
Shea butter (Butyrospermum parkii) ex 




New V-Series Cerasynt emulsif iers 
give you the choice 

ISP Van Dyk has added vegetable-based Cerasynf derivatives 
to their outstanding emulsif ier line. Cerasynt SD-V and IP-V M 
provide the same excellent performance as the original animal- IJ 
derived products. They are ideal for use as secondary emulsif iers, 
stabilizers and opacifiers in a wide variety of cosmetic creams 
and lotions. For information, call 201-450-7724. , <* mL 

For samples, call the ISP Sample Center at 1-800-243-6788. To place an order, call ISP Customer* Sales Servi 
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Functions 



h-1 -2 

Laureth-3 phosphate 
Laureih-4 carboxylic acid 
Laureth-5 carboxylic acid 
Laureth-6-7-9-ll-12 



PEG-S lanolate. P. oleamtne 
PEG-5 soy sterol, P. soyamine 

PEG-6 capric/caprylic glycerides 

PEG-6cocamide 

PEG-6 C12-14 ether 



PEG-6 soi 
PEG-6 sotbitan olcaie 
PEG-6 sorbiiao stearate 
PEG-6 stearatc 
PEG-6-32 
PEO-6-32 stearate 
PEG-7 glyceryl cocoate 
PEG-7 hydrogenated castor oil 
PEG-7 olcaie 
PEG-7 j tallowamine 
PEG-8 

PEG-8 beeswax. P. castor oil 
PEG-8 C12-14 ether 
PEG-8 dilaume. P. dioleate 



-8-9-10-11 -12-13 
Nonoxynol-14 -15-18 -20 -30 -40 -50 
Nonyl nonoxynol-5 -10 
Oat (Avena saliva) flour 
Octoxynol-1 -3 -5 -8 -10 

2-Octyl dodecyl alcohol 



Oleamine oxide 
Oleic acid 

Olelh-2-3-4-5-6-7-8-9 
Oleth-10-12-15 -20-23 
Oleth-25 -30 -40 -50 
Oleth 13 

Oleth-2 phosphate 
Oleth-3 phosphate 
Oleth-5 phosphate 
Olcth-10 phosphate 
Oleth-20 phosphate 



Palmitic acid 

PEG-2 cocamine. P. distearate 
PEG-2 hydrogenated tallow an 
PEG-2 laurate. P. laurate SE 



P. stearam 
PEG-2 stearate. P. stearate S 
PEG-3 cocamide 
PEG-3CI2-C18 alcohols 
PEG-3 glyceryl isc 
PEG-3 glyceryl tri 
PEG-3 glyceryl I 
PEG-3 lanolate. 
PEG-3 

PEG-4 dioleate. P. dii 
PEG-4dilaurate.P.c 
PEG-4 glyceryl dis« 
PEG-4 laurate. P. ole 
PEG-4 stearate 
PEG-4 stearyl steara 
PEG-4 tallate 
PEG-5 castor oil. P. 
PEG-5 C12-C18 alo 
PEG-5 glyceryl isos 
PEG-5 ulvcervl : 
PEG-5 glyceryl 
PEG-5 glyceryl 

1.24 




PEG-10 polyglyceryl-2 laurate 
PEG- 10 sorbitan laurate 
PEG-10 soy sterol. P. stearamtm 
PEG-10 stearate 
PEG-U babisHi glvcerides 
PEG- 11 castor oil 
PEG- 12 diiauratc. P. dioleate 
PEG- 12 distearate 
PEG-12 glyceryl dioleate 
PEG-12UI 
PEG-12 stt 
PEG-14av 
PEG-I5ca 
PEG- 15 co 
PEG-15 gl 
PEG-15 gl; 
PEG-15 glyceryl ric 
PEG-15 oteae ' - 
PEG-15, P.sli 
PEG-15 talloi 
PEG-IS talloi 
PEG-16 
PEG-16hydn _ 
PEG-16 soy sterol 
PEG- 18 stearate 
PEG-20alr 

PEG-20 castor oil. P. di 
PEG-20 dioleate. P. distearate 
PEG-20 glyceryl laurate 
PEG-20 glyceryl oleate 
PEG-20 glyceryl stearate 
PEG-20 glyceryl triisostearale 
PEG-20 glyceryl tristearatc 
PEG-20 hydrogenated castor < 



PEG-20 lanolin. P. la 



PEG-20 methyl glucose sei 
PEG-20 soi'- • 
PEG-20 soi 
PEG-20 so 





PEG-30 glyceryl co 
PEG-30 glyceryl is< 
PEG-30 glyceryl laurate 
PEG-30 glyceryl oleate 
PEG-30 glyceryl st< 
PEG-30 hy 



PEG-32 oleate. P. si 
PEG-33 castor oil 
PEG-3S castor oil. P. steara 
PEG-tO castor oil 
PEG-40 glyceryl isostearal 
PEG-40 glyceryl laurate 
PEG-40 glyceryl triisosteai 
PEG-40 hydrogenated casi 
PEG-40 hydrogenated cast. 
PEG-40 sorbitan diisosiear 
PEG-M) sorbitan lanolate 




PEG-60 
PEG-60 corn glycerides 
PEG-60 glyceryl 
PEG-60 hydrogenated 
PEG-60 1 ■ 



PEG-70 mango glycerides 
PEG-75 

PEG-75 castor oil. P. di 
PEG-75 dioleate. P. 
PEG-75 lat 
PEG-75 oil 
PEG-75 sb 
PEG-75 sta 
PEG-75 sti 




PEG-200 ca 
PEG-200 glyceryl stearate 
PEG-200 hydrogenated castor oil 
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Poloxamer 101, Mf>. 122. 123.124 
Poloxamer 181. 1X2. 184.185.235,237 
Poloxamer 238. 334. 338,407 
Polyglyceryl-2 olc»U! 
Polyglyceryl-2 polyhy 



Polyglyceryl-2 
Polyglyceryl-2- 
Polyglyceryl-2-PfcfH 
Polyglyceryl-3 diiv>M 
Polyglyceryl-3 disiearate 
Polvglvcervl-3 mclhylglucose disiearate 
Polyglyceryl-3 olcaie. P. polyricinoleate 
Polyglyeeryl-3 stcaialc 
Polyglyceryl-4 olcaie, P. stearate 
Polvglycervl-6 diolcatc. P. disiearate 
Polyglyceryl-6 lauraie. P. myrisiate 
Polyglyceryl-6 olcaie. P. polyricinoleate 
Polyglyceryl-6 stearaic 



Polyglyceryl-10 dcc:i«.lcate 
Polyglyceryl- 10 diiv«iearat. 
Polyglycervt-10 dinlcatc. P. 
Polyglyceryl-10 r" " ' 
Polyglyceryl-10 




Polyoxycihylcne poly.ixypropyiene glycol 



PPG-l-PEG-9 lauryl Kiycol ether 

PPG-2-ccteareth- 1 ' 

PPG-3 isosieareth-" 

PPG-3PEG-6olevlillwr 

PPG-5-buteth-7 

PPG-S-ceieth-20 

PPG-5-ceteth-10 plmsphale 

PPG-8oleate 

PPG-IOcetvl ether plHftphate 
PPG- 1 2-PEG-50 lanolin 
PPG-lSstearvl ether 
PPG-24-butet'h-27 
PPG-25 laureth-25 
PPG-26-buieth-26 
PPG-26olcate 
PPG-36oleate 

Propylene glvcol alemaie. P.g. diolet 
Propylene glycol hvdroxystearate 
Propylene glycol lauiatc. P.g. ricinol 
Propylene glycol riviimleate SE 
Propylene glycol swarate 
Propylene glvcol su-arate. SE 
Ouaternium-M 





2. -4.-6. -7. -10. -U, -13 
Steareth-2 phosphite 
Steareth-lS.-20.-21.-30.-100 



Qove (Eugenia caryophyllus) oil 




Rice (Oryza six. 




, vrence 19% 
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Sodium cocoamphoacelate 



Sodium C12-15 pa 
Sodium CI 2- 15 pareth-3 sulfonate 
Sodium C12-15 pareth-15 suifonati 
Sodium C14-16 olefin sulfonate 
Sodium deceth sulfate 
Sodium laureth-2 sulfate 



Sodium irideceth sulfate 
Sodium tridecyl sulfate 

TEA-laureth sulfate 
TEA-lauroyl collagen amino acids 
TEA-lauroyl keratin amino acids 
TEA-lauryl sulfate 
TEA-palm ke 



Yucca 



ahylene/VA copolymer 
Gellan gum 

Hexanediol behenyl beeswax 
Hydrogenated jojoba oil 
Hydrogenated jojoba wax 
Hydroxystearicacid 



Cocodimonium hydroxypropyl silk an 



Oaacosanvl sic 

<Meth-3 phosphate 
Oleth-IO phosphate 
° ■- — er 105. 123. 124. 185.235 
er 237, 238. 338. 407 





Tea (Camellia sinensis) oil 




»|Orbign»aoleifera)ofl 



Undecyienamide MEA 
Zinc undecylenate 
Ziziphus jujuba extract 



Dimethicone copolyol acetate. D. c almond: 
Dimcthicone copolyol amine 
Dimethicone copolyol bishydroxyethvlaminc 
Dimethicone copolyol isostearate. D. c. laura 
Dimethicone copolyol oiivate 
Dimeihic 



aium chloride 
maseoioides extract 
er of hvdrolyzed an 



h3" swcor p5 "" ,raon " ,m chioride 

Honey (Mel) 

Hydrolyzed collaeen 

Hydroiyzed hair keratin 

Hydrolyzed vegetable protein 

Hydrolyzed wheat proiein/dimethicone cooolvol 

acetyl copolymer r ' 

Hydrolyzed wheat protein hydroxypropyl 



Hydroxyethyl cetyidimonium phosphate 
Hydroxypropyltrimonium hydrolyzed collagen 
Hydroxypropyl trimonium hvdroivzed wheat 

protein polysiloxane copolymer 
Hyssop (Hyssopus officinalis) extract 
Ingaedulis extract 

Isostearoyl hydroiyzed collagen 
Keratin amino adds 
Kiwi (Actimdia chinensis) fruit extract 
Kola (Cola ao 



hydroxypropyl trimonium polysiioxi 



Lysimachia foenum-graecum ex 



Algin 
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Pamhenyl ethyl ether 




salt octenyl su 
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Calcium stearate 
Caprylic/capric triglyceride 

Coconut (Cocos nudfera) oil 




Hydrogenated so. 
Hydrogenated vegetable oil 
Hydrolyzed oat flour 
Hydroxypropyl guar 



Isostearyl diglyceryl su 



Laureth-3 phosphate 



Mango (Mangifera indica) oil 
Mineral oil (Paraffinum liquidum) 
Mink oil 



PEG-JM 

PEG-23M 
PEG-27 lanolin 
PEG-30 lanolin 
PEG-40 lanolin. P. 
PEG-45M 
PEG-90M 
PEG-160M 
PEG/PPG-17/6 copolymer 
Pemaerythrityl leirapelar 
Petrolatum 




ester of mixed vegetable fatty ac 



PPG-2 myristyl etl 
PPG-3 mvristyl ether 
PPG-9-buteth-12 



PPG- 14 bulvl ether 

PPG-20 cetvl ether 

PPG-20-buteth-30 

PPG-24-buteth-27 

PPG-28-buteth-35 

PPG-36oleate 

PPG-40 butyl etl 



Stearamide ME\. S. MEA-stearate 




Co-emulsif 

lauroyl glv 
Colloid— Gelatin 

Cooling agent— Menthyl PCA. Menthone glycerin 



Wound healing— Comfrev (Symphytum oB 
leaf extract 

PVP/hexadecene copolymer. Tricontanyl PVP 



Deiaxifier— Clover (Trifc 



BERNE L 

CHEMICAL COMPANY 

Up to date, innovative technology for the 
cosmetic industry has been the driving force 
behind Bernel Chemical Company since its 
founding in 1982. Combining over 60. years 
of cosmetic expertise and marketing know- 
ledge, we have introduced more than 20 raw 
materials for use by the cosmetic chemist. 

Our product is innovation. Finding unique 
materials, such as MARRIX SF and CUPL® 
PIC, that contribute to the growth of our 
customers has established Bernel products 
worldwide. 

BERNEL 

CHEMICAL COMPANY 

1T4 Grand Ave., Englewood. NJ 07631 
Phone:201-569-8934 • Fax: 201-569-1741 
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Functions 




Ginseng (Panax ginseng) ex 



Glyceryl alginate. G. collager 
Glyceryl polymeinacrylate 
Glycolicacid 
Glycolipids 
Glycosaminoelycans 




Avocado (Persea gratissimai i 




Partially hydrogenated soybean oil 

SVc^mino^sta'oir' 
PEG-* -0.-8. -12 ^ 

PEG-lOOste 



Babassu (Orbignya oleifera) oil 



Borage (Borago officinalis) seed oil 



C10-30ch 



Hydrogenated soybean oil 



ic triglyceride 



Calcium protein coi 
Capryllocapric trig 
Capryltc/capric/laui 
Caprylic/capric/linc 
Caprylic/capricoleic triglycerides 
Cashew (Anacardium occidentals nc 
Celastrus paniculata extract 
Ceramide 33 (liquid soy extract) 
Chia (Salvia hispanicai oil 



Cocodimonium hvdroxypropyl silk an 
Collagen 

Collagen amino acids. C. phthalate 
Copper aspartate. C. protein complex 
Corn (Zea mays) oil 
Cottonseed (Gossyplum) oil 
Crataegus cuneata extract 
Cucumber (Cucumis sativus) extract 



Dimethyl hyaluronate 
Dimcihylsilanol hyaluronate 
Dioctyldodecyi dimer dilinoleate 
Dioctyldodecyl dodecanedioate 
Dipentaerythritol fatty acid ester 
Dog rose (Rosa canina) hips extract 
Dog rose ( Rosa canina) seed extrac 





Potassium DNA. P. lactate. P. PCA 
PPG-8/SMD1 copolymer 
PPG-20 methyl glucose ether distearate 
Propylene glycol dicaprylate/dicaprate 
Propylene glycol dioctanoate 
Pumpkin (Cucurbits pepo) seed oil 
Quinoa (Chenopodium quinoa) extract 



Saccharomyccs lysate extract 
Saccharomycessoy protein ferment 
Safflowcr (Canhamus tincterius) oil 
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Functions 



Tormcnul iPotcmilla erecta) i 






CHeih-2 phosphate 
Oleih-5 phosphaie 
PEG-3 lanolate 
PEG-4sieanue 
PEG-5M 

PEG-7 glyceryl co 
PEG-8 glyceryl lai 



PEG-9 castor oil 
PEG-9M 

PEG-II babassu; 
PEG- 1 2 palm ker 
PEG-i:siearate 
PEG- 1 4 avocado 
PEG- IS glyceryl 
PEGOOcomgiyc 
PEG-:0 evening | 
PEG-IO glyceryl 
PEG-23 oleate 
PEO-23M 



acid/dimethylaminohydroxypropyl 
turn acrylates copolymer 




3 BETTER IDEAS. 


1 BETTER SOURCE. 


r ffljwE r sse^ss HPemulen 


ilFGoodrich 


N™ For^^ctanl-based ^^^^ 
disoerse carOomer products Bmutsmers 


Talk to the global leader. 
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Polyethylene. 
Polyethylene. 
Polyethylene, oxidized 
Polyglyceryl-2 1 



-7.-10.-11.-22.-39 



Potassium lauroyl hydrolyzed soy protein 
Potassium lauroyl wheat amino acids 
PPG-8/SMD1 copolymer 
PPO-12/SMD1 copolymer 
PPG-51/SMD1 copolymer 
PVM/MA decadiene crosspolyin 



Steardimonium hydroxypropyl hydrolyzed wheat 



Wheat (Triticum vulgare) pr 




In the World of 
Natural Waxes 




jTRAHL & PlTKH INC. 




Ozokerite 

There is no one else! 

Dedicated to Natural Waxes and 
- Specialty Blends Since 1904 



(516) 587-9000 / FAX: (516) 587-9120 




erymorbate. S. ethyl paraben 




Tri» (hvdroxymethyl) nitromethane 
Tnjodhun EDTA. T. HEDTA 
Usoicacid 
Zinc PC A 
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iroyl hydrolyzed collagen 



hydroxypropyl hydrolyzed soy 
hydroxypropyl hydrolyzed wheal 



PEG-3 st< 
PEG-4ol 
PEG-6 ca. 
PEG-7 glyceryl cc 
PEG-16 

Propylene glycol dipe! 



Deoxyribonucleic acid 




Sleanrimonium hyiiroxyethyl hydrolyzed collagen 
TEA-coeoyl hydrolyzed collagen 
TEA-cocoyl hydrolyzed soy proiein 
TEA-lauroyl collagen amino acids 
TEA-lauroyl keratin amino acids 
Trachea hydrolysate 



Wheal (Triiicum vu 
Wheat amino aci< 
Wheat peptide 
Wheat protein 



Hydrolyzed fish protein 
Hydrolyzed he 
Hydrolyzed ke 
Hydrolyzed lai 
Hydrolyzed milk protein 
Hydrolyzed soy flour 
Hydrolyzed sweet almond protein 

Isostearoyl hvdrolvzcd collaKen ' 
Keratin 



Ethyl ester of hydrolyzed silk 



tushroom (Tricholoma m; 



Hydrolyzed pea proiein 
Hydrolyzed rice protein 
Hydrolyzed serum proiein 
Hydrolyzed silk 
Hydrolyzed soy proiein 
Hydrolyzed ve 
Hydrolvzed wl 



Marine collagen 

Methylsilanoi elastinate 

Potassium abietoyl hydrolyzed collagen 




nsioyl hydrolyzed cc 



Propyltrimonium hydrolyzed collagen 
Propyltrimonium hydrolyzed soy protein 
Propyltrimonium hydrolyzed wheat proiein 
Proiein hydroylsates 
Quatemtum-79 hydrolvzed keratin 
Quatemium-79 hydrolyzed silk 
Rice peptide 
RNA 

Serum albumin. S. protein 
Silk powder 



CocamideMIPA 

Hydrogenated palm kernel glycerides 




J2ZZS3S** Qroda 


BROOKS INDUSTRIES ™- 

Cosmetic Imrtdicnts & Ideas' 
70 Tyler Place. South Plainfield. NJ 07080 USA 
Tel 908-561-5200 Fax 908-561-9174 


Proteins 

Hydrocoll. Solu-Soy. Wheat-Pro 
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Almond oil PEG-6 asters 



Apricot kernel oil PEG-6 esters 
Bcnzuikonium chloride 
Butuxydi glycol 
Butyl glucoside 
Buiylene glycol 



Oipryl caprylylgluco.side 



Caprylyl/capryl glucoside 



Glycereih-7 -26 

Glyceryl caprylate. G. dilaurc 

Glyceryl caprylate/caprate 



Laneth-J. -15 
Laureih-23 

Methylated cyclode.xtrin 
Myreth-3 

Myreth-3-octanoate 
Nono*ynol-I0. -12. -14. -10. -50 



Oleo, 



Olelh-3. -5. -10. -15. -20'.-25. -50 
Oleth-20 phosphate 
PEG-4. -6. -8. -12. -16. -20. -32. -40, 
PEG-4 dilaurate 

PEG-6 capnc/caprylic glycerides 
PEG-6 methyl ether 
PEG-8 distearate 
PEG- 1 2 laurate 



PEG-I5ca 
PEG-lgsu 

PEG-20 glyceryl i« 

PEG-20 glyceryl oleate. P. g. st 
PEG-20 methyl glucose se 
PEG-20 so,' 



PEG-25 
PEG-25 
PEa-30, 
PEG-30 glyceryl 
PEG-30 glyceryl isostearate 
PEG-30 glyceryl 
PEG-30 glyceryl 
PEO-30 glyceryl 
PEG-33 castor oil 
PEG-35 castor oil 
PEG-36 castor oil 
PEG-40 castor oil 
PEG-40 glyceryl 
PEG-40 hydrogenated castor oil 
PEG-40 hydrogenuted castor oil PCA i 



PPG-5-ceteth-20 
PPG-o-decyitetradeceth-12. -20. -30 
PPG-I2-PEG-65 lanolin oil 
PPG- 1 5 stearyl ether 
PPG-IS butyl ether 
PPG-24 butyl ether 



PPG-33 butyl ether 



PPG-40-PEG-60 lanolin oil 
PPG-50cetyl ether 

Propylene glycol dicaprylate. dicaprylate/ 



PEG-15 palm 
PEG-48 hydro. 
PEG-SO castor oil 



PEG-60 castor oil 
PEG-60corn glycerides 
PEG-60 glyceryl 
PEG-60 iivdroecnaied 
PEG-60 lanolin 
PEG-70 mango glycerides 
PEG-75 ■ •■ 
PEG-75 

PEO-75 

PEG-80 hydrogenated castor oil 



PEG-100 castor oil 
PEG-lOOhvdroeenated 
PEG-120 jojoba acid/alcohol 
PEG-200 irihydrosystearin 




Pigments • Preservatives « 




We Specialize in Personal Care. 

Performance Chemicals for Specialty Requirements. 



Costec, Inc. • 655 First Bank Drive • Palatine. IL 60067 USA 
Telephone: 847/359-5713 • Fax: 800/5 COSTEC 
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WO 98/48768 



80 



PCT/US98/08931 



Functions 




PEG-6 methvl el 
PEG-12 
PEG-20 hv 
PEG-33 casior oil 
50 glyceryl co 



Polyglyceryl-3 



Polypropylene glycol di 
PPG-2 mvristvl eiher pn 
PPG-3 

PPG-20 lanolin alcohol 





Cocoyl glutamic acid 
Cocoyi hydrolyzed soy protein 

CU-is p'areth-9. -12. -20. -30. -W 
C12-13 pareth sulfate 
C12-13 pareth-5 carl" 
C12-15 pareth-12 
C14-15 pareih-8 carboxylic acid 
DEA-oleth-5-phosphate 
DEA-oleth-20-phosphaie 




Disodhnn iauramido MEA-sulfosuccinate 
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Glvcereth-25 PCA 
Glycereth-26 phosphate 
Glyceryl hydroxystearate 
Hydrogenated tallowoyl glutamic acid 
Isopropyl hydroxybutyramiiie dimeihicone 

Lauramidopropyl betaine 
Laureth-l.-2. -3. -4. -7. -12. -16 
Laureth-3 carboxylic acid. L. phosphate 
Laureth-5 carboxylic acid 
Uureth-ll carboxylic acid 
Lauroyl sarcosinc 



myrisioylhydrolyzedco 

Sodium mvristoyl sarcosinale 
Sodium myristyl sulfate 
Sodium nonoxynol-6 phosphate 
Sodium ocioxynoi-2 ethane sulfonate 
Sodium octyl sulfate 



Magnesium laureth-8 sulfate 
Meroxapol 105. 171. 172 
MEA-lauryl sulfate 



Myristyl alcohol 
Nonoxynol-7.-9.-l3.-l5 
Nonoxynol-10 carboxylic acid 
Octoxynol-I0.-I2 




Sodium stearoyi hydrolyzed collagen 
Sodium trideceth sulfate 
kcylenoyl ' 



TEA-cocoyl glutamate 
TEA-cocovl hvdrolyzed collagen 
TEA^ocovl hydrolyzed soy protein 
TEA-C12-I5alkyl sulfate 



Oleoytsa 
Oleth-2 phosphate 
Oleth-5 phosphate 
Oleyl betaine 

Oleyl hydroxyethyl imidazoline 

Palmilyl betaine 
PCAethvlcocoyl arginate 
PEG-7 hvdroaenated castor oil 
PEG-8 caprvlic/capric glycerides 
PEG-8 laurate 
PEG-8 stearate 
PEG-1J glyceryl stearate 
PEG-25 glyceryl isostearate 
PEG-27 lanolin 
PEG-30 lanolin 
PEG-JO castor oil 
PEG-40 glyceryl stearate 
PEG-40 jojoba oil. P. lanolin 
PEG-60 glyceryl isostearate. P. g 



imC12-13su 
Sodium CI2-14 pareth-2 sulfate 
Sodium C12-15 pareih-3 sulfonate 
SodiumC12-l5 pareih-7 carboxylate 
Sodium CI 2- 1 5 pareih-7 sulfonate 
SodiumC12-15 pareth-8 carboxylate 
Sodium C 1 2- i 5 pareth- 15 sulfonate 

Sodium C14-16 olefin sulfonate 
Sodium cetearyl sulfate 
Sodium cetyi oleyl sulfate 



Trideceth-7 carboxylic acid 
Trideceth-9 

Trideceth-19-carboxylic acid 
Tridecvl ethoxylate 



Witco 




Wltco Corporation 



Call 800 779-4826 
203 861-6277 (outside the U. 
Fax 203 552-2850 



Our Name is McINTYRE 
Our Game is Amphoterics 



MCINTYRE 24601 Governors Highway • University Park. IL 60466 
GROUP LTD. (708) 534-6200 • FAX: (708) 534-6216 • 1-800-645-6457 
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GuariC'vanopsis tetragonoloba) gum 



Isobtiiylcno/MA copolymer 



Polyethylene. P. micromzed 
Propylene glycol alginate 
Quaienmun-ISbentonite 
Quaicniimn- 1 S hectorite 
Sodium magnesium silicate 

Stcaralkiinium hemoniie. S. he 
SlcarciliHI ullyl ether/acrylaies copolymer 
Tniguciiiilli l Astragalus gu 
Tribclwiun 
Trihyilrmvstearin 

Xanlliau pim 




Acrylatcs/ceteth-20 methacrylaies copolymer 



Acrylaics/stcareth-50 acrylate copolymer 
Acrylatcs/vinyl isodecanoate crosspolym 
Acrylic aud/acrylonilrogens copolymer 



Caprylic alcohol 
Carbomer 

Carboxymethyl hydroxvethvlcellulose 




Colloidal silica sols 
DEA-hydrolyzed lei 
DEA-linoleaie 
OEA-olelh-3 ph 
DEAoieth-lOp 
Decyl alcohol 



DMHF 
EthoxMated fatly alcohol 
Gellan gum 



H>srciy» 
H>±rv,'4thykeliutose 
H>ore\>Tropylchitosan 




310 polycurbamyl polyglycol i 
312-15 alcohols 
312-16 alcohols 
Zlg-y.atnl 




PEG-7 hydrogenaied castor oil 
PEG-8 

PEG-8 dioleate.P.distearate 

PEG-8 stearate 

PEG-9M 

PEG-12 beeswax 

PEG- 1 8 glyceryl oleate/cocoate 

PEG-23M 

PEG-28 glvceryl tallowate 
PEG-H) jojoba oil 
PEG-45M 

PEG-50 tallow amide 

PEG-5S propylene glycol oleate 

PEG-75 stearate 



PEG- 1 50 penuerythriryl tetras 
PEG-I60M 

PEG-200 glyceryl stearate 
PEG-200elyceryltallowate 



Quatemium- 1 8 bemonite 




3 BETTER. IDEAS. 



1 BETTER SOURCE. 
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Claims: 

1. A cosmetic composition, comprising: 

a cosmetically acceptable carrier, comprising a reverse thermal viscosifying 
polymer network comprising at least one poloxamer component randomly bonded to 
at least one poly(acrylic acid) component said polymer network capable of aggregation 
in response to a change in temperature; and 

a cosmetically active agent which imparts a preselected cosmetic effect, said 
carrier and said agent disposed within an aqueous-based medium. 

2. A cosmetic composition for topical application, comprising: 

a cosmetically acceptable carrier, comprising a reverse thermal viscosifying 
polymer network comprising at least one poloxamer component capable of 
aggregation in response to a change in temperature randomly bonded to at least one 
poIy(acrylic acid) component; and 

a cosmetically active agent selected to treat imperfections or disorders of the 
skin, said carrier and said agent disposed within an aqueous-based medium. 

3. The cosmetic composition of claim 1, wherein the cosmetic 
composition is a shampoo and the cosmetically active agent comprises a cleansing 
surfactant. 

4. The cosmetic composition of claim I, wherein the cosmetic 
composition is a moisturizer and the cosmetically active agent comprises a 
moisturizer. 



5. The cosmetic composition of claim 1, wherein the cosmetic 
composition is a sunscreen and the cosmetically active agent comprises a uv-absorbing 
agent. 



WO 98/48768 



PCT/US98/08931 



85 

6. The cosmetic composition of claim 1, wherein the cosmetic 
composition is an acne cream and the cosmetically active agent comprises an antiacne 

7. The cosmetic composition of claim 1, wherein the cosmetic 
composition is a hair straightener and the cosmetic agent comprises a base for 
increasing the pH. 

8. The cosmetic composition of claim 1, wherein the cosmetic 
composition is a sunless tanning lotion and the cosmetically active agent comprises 
skin tinting agent. 

9. The cosmetic composition of claim 1. wherein the cosmetic 
composition is an antiperspirant and the cosmetically active agent comprises aluminum 
chlorhydrate. 

10. The cosmetic composition of claim 1, wherein the cosmetic 
composition is a shaving cream and the cosmetically active agent comprises an 
emollient and a foaming surfactant. 

11. The cosmetic composition of claim 1, wherein the cosmetic 
composition is a face cosmetic and the cosmetically active agent comprises a pigment. 

12. The cosmetic composition of claim 1 or 2, wherein the cosmetic agent 
comprises a hydrophobic material, wherein the cosmetically acceptable carrier 
stabilizes the hydrophobic material in the aqueous medium. 
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13. The cosmetic composition of claim 2, wherein said cosmetic agent 
selected to treat imperfections or disorders of the skin is selected from the group 
consisting of acidulents, antiacne agents, anti-aging agents, anti-infiammatories, anti- 
irritants, antioxidants, depilatories, detergents, disinfectants, emollients, exfoliants, 
5 humectants, lubricants, moisturizers, skin conditioners, skin protectants, skin 

lightening agents, skin soothing agents sunscreening agents and tanning accelerators 
and mixtures thereof. 



14. The composition of claim 4, wherein said composition further 
10 comprises a cosmetic agent selected from the group consisting of humectants and 
emollients. 



15. The composition of claim 1 or 2, further comprising one or more 
additives selected from the group consisting of preservatives, abrasives, acidulents, 

15 antiacne agents, anti-aging agents, antibacterials. anticaking, anticaries agents. 

anticellulites. antidandruff, antifungal, anti-inflammatories, anti-irritants, antimicrobials, 
antioxidants, astringents, anitperspritants, antiseptics, antistatic agents, antringents, 
binders, buffers, additional carriers, chelators, cell stimulants, cleansing agents, 
conditioners, deodorants, dipilatories, detergents, dispersants. emollients, emulsifiers. 

20 enzymes, essential oils, exfoliants, fibers, film forming agents, fixatives, foaming 

agents, foam stabilizers, foam boosters, fungicides, gellants, glosser. hair conditioner, 
hair set resins, hair sheen agents, hair waving agents, humectants, lubricants, moisture 
barrier agents, moisturizers, ointment bases, opacifier, plasticizer. polish, polymers, 
powders, propellant, protein, refatting agents, sequestrant, silicones, skin calming 

25 agents, skin cleansers, skin conditioners, skin healing, skin lightening agents, skin 
protectants, skin smoothing agents, skin softening agents, skin soothing agents, 
stabilizers, sunscreen agents, surfactants, suspending agents, tanning accelerators, 
thickeners, vitamins, waxes, wetting agents, liquefiers, colors, flavors and/or fragrances 
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16. The composition of claim 1, wherein the cosmetic composition takes a 
form selected from the group consisting of lotions, creams, sticks, roll-on 
formulations, mousses, sprays, aerosols, pad-applied formulations and masks. 

17. The composition of claim 1, wherein the viscosification occurs at a 
temperature in the range of about 27 to 40°C. 

18. The composition of claim 1, wherein the viscosification occurs at a 
temperature in the range of about 30 to 37°C. 

19. The composition of claim 1. wherein said composition is formulated as 
a product selected from the group consisting of baby products, baby shampoos, 
lotions, powders and creams: bath preparations, bath oils, tablets and salts, bubble 
baths, bath fragrances bath capsules; eye makeup preparations, eyebrow pencil, 
eyeliner, eye shadow, eye lotion, eye makeup remover, mascara; fragrance 
preparations, colognes, toilet waters, powders and sachets; noncoloring hair 
preparations, hair conditioner, hair spray, hair straighteners. permanent waves, rinses, 
shampoos, tonics, dressings and other grooming aids; color cosmetics: hair coloring 
preparations, hair dye, hair tints, hair color sprays, hair lighteners and hair bleaches; 
makeup preparations, face powders, foundations, leg and body paints, lipstick makeup 
bases, rouges and makeup fixatives; manicuring preparations, basecoats, undercoats, 
cuticle softeners, nail creams, nail extenders, nail polish and enamel, and remover; oral 
hygiene products, dentrifices, mouthwashes; personal cleanliness, bath soaps, 
detergents, deodorants, douches and ferninine hygiene product; shaving preparations, 
aftershave lotion, beard softeners, men's talcum, shaving cream, shaving soap, 
preshave lotions; skin care preparations, skin cleansing preparations, skin antiseptics, 
depilatories, face and neck cleansers, body and hand cleansers, foot powders; 
moisturizers, night preparations, paste masks, skin fresheners; and suntan preparations, 
suntan creams, gels and lotions, and indoor tanning preparations. 
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20. The cosmetic composition of claim 1 or 2, wherein the poloxamer 
component is present in an amount in the range of about 0.01 to 20 wt% and the 
poly(acrylic acid component) is present in the amount of about 0.01 to 20 wt%. 

21. The cosmetic composition of claim 1, wherein the polymer network 
comprises a plurality of poloxamers. 

22. The cosmetic composition of claim 1, wherein the polymer network 
comprises a plurality of poloxamer components randomly bonded to a poly(acrylic 
acid) backbone. 

23. The cosmetic composition of claim 1. wherein the reversibly 
viscosifying polymer composition comprises a plurality of poly(acrylic acid) 
components randomly bonded to a poloxamer component. 

24. The cosmetic composition of claim 1, wherein the aqueous-based 
medium is selected from the group consisting of water, salt solutions and water with 
water-miscible organic compound(s). 

25. The cosmetic composition of claim 1, further comprising an additive 
selected to increase transition temperature and increase viscosity of the reversible 
viscosifying polymer network. 

26. The cosmetic composition of claim 1, further comprising an additive 
selected to increase transition temperature and decrease viscosity of the reversible 
viscosifying polymer network. 
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27. The cosmetic composition of claim 1, further comprising 
an additive selected to increase transition temperature without affecting 
viscosity of the reversible viscosifying polymer network.. 

5 28. The cosmetic composition of claim 1, further comprising 

an additive selected to decrease transition temperature and increase viscosity of 
the reversible viscosifying polymer network. 

29. The cosmetic composition of claim 1, further comprising 

10 an additive selected to decrease transition temperature and decrease viscosity 

of the reversible viscosifying polymer network. 

30. The cosmetic composition of claim 1, further comprising 

an additive selected to decrease transition temperature without affecting 
15 viscosity of the reversible viscosifying polymer network. 

31. The cosmetic composition of claim 1. further comprising 

an additive selected to increase viscosity without affecting transition 
temperature of the reversible viscosifying polymer network. 

20 

32. The cosmetic composition of claim 1, further comprising 

an additive selected to decrease viscosity without affecting transition 
temperature of the reversible viscosifying polymer network. 



25 33. The cosmetic composition of claim 1 or 2, characterized in that the gel 

remains translucent to light before and after response to the environmental stimulus. 
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The cosmetic composition of claim 1, wherein the poly(acrylic acid) is 



35. Method of making an cosmetic composition, comprising: 

5 dissolving a poloxamer capable of aggregation in response to a change in 

temperature in acrylic acid monomer; 

initiating polymerization of the monomer to form a poIy(acrylic acid) randomly 
bonded to the poloxamer, so as to form a reversibly viscosifying polymer 
composition; 

10 mixing the reversibly gelling polymer compositions with a cosmetic agent 

which imparts a desired cosmetic effect to the composition. 

36. The method of claim 36, wherein a polymerization initiator is selected 
to provide the polymer network having a selected temperature of viscosification. 

15 

37. The method of claim 36, wherein one or more poloxamers are added. 



20 



38. The cosmetic composition of claim I, wherein the reversibly 
viscosifying polymer network is present in an amount in the range of 0.01% 10%. 
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